AD/A-001  978 


A  RESPONSE  SURFACE  FOR  THE  COMPLEX 
MODULUS  OF  COMPOSITE  MATERIALS 

Charles  E.  Arthur,  et  al 

Virginia  Polytechnic  Institute  and  State 
University 


Prepared  for: 

Air  Force  Materials  Laboratory 
30  October  1974 


DISTRIBUTED  BY: 


National  Technical  Information  Sorvico 
U.  S.  DEPARTMENT  OF  COMMERCE 


NOTICE 


When  Government  drawings,  specification*: ,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a  definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  Incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
government  may  have  formulated,  furnished,  or  In  any  way  supplied  the  said 
drawings,  specifications,  or  other  data,  Is  not  to  be  regarded  by  Impli¬ 
cation  or  otherwise  as  In  any  manner  licensing  the  holder  or  anv  other 
person  or  corporation,  or  conveying  any  rights  or  permission  to  manufacture, 
use,  or  sell  any  patented  invention  that  may  In  any  way  be  related  thereto. 


Copies  of  this  report  should  not  be  returned  unless  return  is  required 
by  security  considerations,  contractual  obligations,  or  notice  on  a 
specific  document. 


I 


St'cunly  CUtsificBlion 


DOCUMENT  CONTROL  DATA  RAD  / 

($eeurtly  rlea  al  ttcation  el  title,  body  el  mbalrerl  end  Indeeine  ennelerlon  must  he  entered  when  the  ore  ref  I  repo  ft  I*  tteeetlled) 


I  ORiOinaTinc  activity  (Gerporete  eutherj 


•J«.  ACPOHT  security  classification 


Unclassified 


Virginia  Polytechnic  Institute  &  State  University 


».  REPORT  TITLE 


A  RESPONSE  SURFACE  FOR  THE  COMPLEX  MODULUS  OF  COMPOSITE  MATERIALS 


4.  descriptive  NOTES  (Type  ol  report  end  Ineluelve  delee) 

Technical  Report,  July  1972  -  April ,  1974 


••  Ay  THORiSI  (rift  name,  middle  /••<  nam«J 

CHARLES  E.  ARTHUR,  AGNES  S.  HELLER  AND  ASHO.K  B.  THAKKER 


•  ■  REPORT  DATE 


May  197 


M.  CONTRACT  OR  GRANT  NO. 

F33615-72-C-2111 

A.  PROJECT  NO.  7340 

«•  Task  No.  734003 


?«.  TOTAL  NO.  OF  PAGES  |76.  NO.  OT  REFS 


•A.  ORIGINATOR'S  REPORT  NUMBER!*! 


9b.  OTHER  REPORT  NOISI  (Any  other  number*  that  may  be  aaaigned 
(hit  report) 


AFML-TR- 74-185 


10  DISTRIBUTION  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


II.  SUPPLEMENTARY  NOTFS 


IS.  ABSTRACT 


Reproduced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

US  Department  of  Commerce 
Springfield,  VA.  22ISI 


Air  Force  Materials  Laboratory 
Wright-Patterson  Air  Force  Base,  Ohio 
_ 45433 


The  complex  modulus  of  boron/epoxy  and  graphite/epoxy  laminates  has  been 
measured  in  forced  vibration  tests  at  frequencies  ranging  from  20  to  17,000  Hz 
and  temperatures  varied  between  -50°  and  +3011° F. 

The  data  was  analyzed  using  response  surface  methodology.  Based  on  the 
response  surface  time-temperature  shift  parameters,  master  curves,  and 
probability  relations  have  been  developed 


DD  /r..1473 


UNCLASSIFIED 


Sft  uri’v  Cl H!. Mfic.  ii  I  ion 


AFM  L-TR-74-185 


A  RESPONSE  SURFACE  FOR  THE  COMPLEX 
MODULUS  OF  COMPOSITE  MATERIALS 


COLLEGE  OF  ENGINEERING 

VIRGINIA  POLYTECHNIC  INSTITUTE  AND  STATE  UNIVERSITY 
BLACKSBURG ,  VIRGINIA  24061 


Technical  Report  AFML-TR-74-185 


October  30, 1974 


Approved  for  release;  distribution  unlimited. 


Air  Force  Materials  Laboratory 
Air  Force  System  Command 
Wright  Patterson  Air  Force  Base,  Ohio 


FOREWORD 


The  research  and  development  reported  herein  was  conducted  under 
Air  Force  Contract  F3361 5-72-C-211 1  at  Virginia  Polytechnic  Institute 
and  State  University.  The  work  was  initiated  under  Project  7340,  "Non- 
metallic  and  Composite  Materials",  Task  734003,  "Structural  Plastics 
and  Composites".  The  Air  Force  Project  Engineer  directing  the  program 
was  Dr.  J.  Whitney  (AFML/MBM)  of  the  Mechanics  and  Surface  Interactions 
Branch,  Nonmetallic  Materials  Division,  Air  Force  Materials  Laboratory 
at  Wright- Patterson  Air  Force  Base,  Ohio.  Dr.  R.  A.  Heller  was  Principal 
Investigator  at  Virginia  Polytechnic  Institute  and  State  University. 

The  work  covered  in  this  report  was  performed  by  C.  E.  Arthur, 

A.  S.  Heller,  and  A.  B.  Thakker  of  Virginia  Polytechnic  Institute  and 
State  University. 

The  report  covers  part  of  the  work  conducted  between  1  Jul  1972 
and  30  Apr  1974. 

The  report  was  submitted  by  the  authors  in  May  1974. 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 


Project  Engineer 


FOR  THE  COMMANDER 

/’ 


S.  W.  TSAI,  Chief 

Mechanics  &  Surface  Interactions  Branch 
Nonmetallic  Materials  Division 


ABSTRACT 


The  complex  modulus  of  boron/epoxy  and  graphite/epoxy  laminates 
has  been  measured  In  forced  vibration  tests  at  frequencies  ranging  from 
20  to  17,000  Hz  and  temperatures  varied  between  -50°  and  +300°F. 

The  data  was  analyzed  using  response  surface  methodology.  Based 
on  the  response  surface  time- temperature  shift  parameters,  master  curves, 
and  probability  relations  have  been  developed. 
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SECTION  I 


INTRODUCTION 


The  significance  of  the  role  of  advanced  composite  materials  in 
many  engineering  applications  is  increasing.  Environmental  effects  on 
the  material  properties  of  composites  is  an  important  aspect  of  design 
considerations. 

To  determine  the  long  term  influence  of  the  individual  contributions 
of  time,  temperature,  and  humidity  on  composite  materials  would  require 
extensive  numbers  of  specimens  and  tests.  In  order  to  isolate  signifi¬ 
cant  variables  experiments  have  been  designed  for  maximum  utilization 
of  specimens . 

Due  to  wide  variation  in  the  information  obtained  from  experimenta¬ 
tion  a  statistical  analysis  of  the  data  was  conducted.  Multiple  re¬ 
gression  techniques  were  employed  and  the  significance  of  the  individual 
variables  was  tested. 

This  experimental  program  resulted  in  the  development  of  response 
surfaces  for  the  complex  moduli  of  composite  materials  . 


SECTION  II 

REVIEW  OF  PERTINENT  LITERATURE 


Environmental  effects  on  the  mechanical  properties  of  advanced 
composites  have  received  only  limited  theoretical  analyses.  Most  of 
the  work  done  in  this  area  has  been  experimental  in  nature  because  of 
the  complexity  of  the  problem.  The  choice  of  fiber,  matrix,  and  lay¬ 
up  of  fiber  reinforced,  laminated  composites  are  important  in  the 
consideration  of  environmental  effects. 

Kaminski,  Lemmon,  and  McKague  [Reference  1]  discuss  a  regression 
analysis  method  for  establishing  temperature  allowables.  This  approach 
places  statistical  significance  on  a  temperature  retention  curve.  The 
statistical  model  suggested  by  them  is 


y  =  bQ  +  bjT  +  b2T2  +  e 

where  y  is  the  response  (stress  or  strain),  T  is  the  test  temperature, 
and  e  is  random  error.  The  error  term,  e,  accounts  for  the  variation  in 
observed  results  at  a  constant  temperature  and  is  assumed  to  be  normally 
distributed  with  mean  zero  and  variance  a2.  The  variance  of  e  is  assumed 


to  be  the  same  for  all  temperatures  .  The  constants  bQ,  bi,  and  bp  are 
regression  coefficients  and  are  estimated  from  least  squares  techniques. 

Reference  2  describes  an  experimental  approach  for  finding  humidity 
and  thermal  effects  on  graphite/epoxy  composites .  These  tests  Involved 
hygrothermal  exposures  (combinations  of  constant  temperature  and  constant 
humidity)  and  dynamic  exposures  (changing  temperature  and/or  humidity) 
of  the  specimens.  The  specimen  lay-up  and  thickness  is  varied  in  this 
approach.  Tests  to  determine  water  desorption  as  well  as  absorption  be¬ 
havior  were  conducted.  The  effects  of  moisture  on  certain  properties 
were  determined  by  mechanical  tests.  The  effects  of  increasing  the 
moisture  content  is  seen  to  increase  the  creep  of  the  material.  Also 
it  is  seen  that  at  elevated  temperatures  there  is  a  loss  of  flexural  and 
shear  strength  with  increased  moisture  content. 

Brownir.g  and  Whitney  [Reference  3]  find  that  the  effects  of  absorbed 
moisture  on  the  elevated  temperature  mechanical  properties  of  fiber- 
reinforced  laminates  is  highly  dependent  on  the  lay-up  of  the  material 
and  the  type  of  loading.  For  example,  a  quasi -isotropic  boron  epoxy 
laminate  when  tested  in  tension  at  350  F  after  exposure  to  high  humidity 
has  approximately  the  same  tensile  properties  as  it  did  at  350  F  before 
moisture  was  absorbed.  The  same  material,  with  a  uni -directional 
lay-up  end  tested  in  flexure,  shows  a  50%  reduction  in  its  350°F  flexure 
strength,  although  the  same  amount  of  moisture  was  absorbed  as  in  the 
first  specimen. 

It  is  also  found  in  Reference  3  that  in  the  epoxy  laminate  systems 
water  behaves  as  a  plasticizing  agent  that  disrupts  the  strong  hydrogen 
bonds.  The  reversibility  of  this  water  absorption  process  is  shown  by 
the  change  of  properties  from  "dry"  to  wet"  specimens.  The  'Vfet" 
specimens,  after  being  dried,  exhibit  the  same  properties  as  they  did 
before  exposure.  Fiber  controlled  composites  have  much  less  dependence 
on  moisture  absorption  than  matrix  controlled  materials.  However,  both 
exhibit  this  reversibility. 

Pritchard  and  Taneja  [Reference  4]  state  that  the  rate  at  which  hot 
water  degrades  a  glass  fiber  reinforced  resin  is  accelerated  by  stress. 
The  resin,  fiber,  and  coupling  agent  are  all  susceptable  to  hydrolysis. 
Swelling  and  crack  formation  have  been  observed  in  low  molecular  weight 
constituents.  These  phenomena  occur  more  rapidly  when  the  laminate  is 
stressed.  Specimens  which  were  exposed  to  water  on  one  side  only  were 
used  to  determine  the  rate  at  which  water  permeates  into  them.  A  de¬ 
pendence  upon  the  molecular  structure  of  the  resin,  the  void  volume  and 
the  mobility  is  seen.  The  rate  of  degradation  is  expected  to  have  a 
relationship  upon  the  permeation  rate  of  water  in  the  material  . 

Reference  5  states  that  the  effect  of  moisture  is  generally  to 
reduce  the  strength  and  ultimate  strain  of  a  composite.  However,  the 
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stress-strain  characteristics  and  the  Initial  modulus  are  not  greatly 
altered  by  exposure  to  hunldlty.  No  significant  change  In  strength  or 
modulus  was  seen  In  cross-ply  laminates. 

Hal  pin  [Reference  6]  states  that  although  the  range  of  interest 
for  the  linear  viscoelastic  behavior  of  polymers  can  cover  a  large 
nunber  of  decades  In  time  or  frequency  the  range  of  any  given  experimental 
Instrument  Is  limited.  In  order  to  obtain  values  of  the  response  function 
over  a  wide  range  of  frequency  or  time,  a  suitable  procedure  Is  to  change 
the  effective  time  or  frequency  scale  by  changing  the  ambient  conditions, 
such  as  temperature. 

It  Is  found  In  many  cases  that  observations  of  the  material  response 
taken  over  a  range  of  frequency  or  time  at  one  temperature  will  result 
In  good  superposition  upon  observations  taken  at  a  different  temperature 
If  a  simple  translation  along  the  log  time  axis  Is  made.  This  means  that 
a  change  In  tenperature  Is  equivalent  to  a  change  In  the  time  scale.  A 
master  curve  can  be  developed  for  a  reference  temperature  from  which  all 
other  temperature  curves  can  be  developed  by  a  time  shift.  This 
relationship  between  the  temperature  and  time  scale  can  be  represented 
by  a  shift  factor  a-r.  This  shift  factor  Is  the  ratio  of  the  time  scale 
at  an  arbitrary  temperature  to  the  time  scale  at  a  reference  temperature, 

T  .  A  function  of  the  reference  temperature  and  the  arbitrary  tempera¬ 
ture  can  be  used  to  define  a^  [Reference  6] . 

There  Is  a  similar  effect  of  water  absorption  upon  the  time  scale 
which  can  be  characterized  by  a  water  concentration  shift  factor  a  .  A 
master  curve  can  also  be  developed  at  a  reference  tumidity.  A  simul¬ 
taneous  change  In  temperature  and  water  concentration  could  be  approx¬ 
imated  by  a  reduced  time,  t/aTac  [Reference  6] . 

Acceleration  of  testing  can  be  obtained  by  using  these  time  shift 
factors.  The  effect  of  Increasing  temperature  and  water  concentration 
Is  to  decrease  the  time  required  to  carry  out  experimentation. 

In  addition  to  time  shifting  there  are  vertical  shifts  In  the 
storage  moduli  predicted  by  the  kinetic  theory  of  rubber  elasticity. 

This  theory  Indicates  that  for  Ideal  rubber-like  networks  the  storage 
modulus  should  be  Inversely  proportional  to  the  product  of  absolute 
temperature  and  density.  The  response  is  therefore  shifted  by  a  factor 


where  p  and  T  are  the  density  and  absolute  temperature  that  correspond 
to  the  response  E'  and  p  Is  the  density  taken  at  the  reference  temper¬ 
ature  T  .  The  response  at  the  reference  temperature  Is  E'  [Reference 
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Composite  materials  consisting  of  elastic  fibers  and  a  viscoelastic 
matrix  behave  In  a  more  complex  manner  than  do  thermo-rheologlcally 
simple,  linear  viscoelastic  materials.  It  Is,  however,  possible  to  de¬ 
velop  time-temperature  superposition  methods  for  such  materials  based 
mostly  on  experimental  evidence,  though  the  theoretical  explanation  of 
some  of  the  nonlinear  characteristics  Is  not  yet  available. 

The  experiments  and  the  analysis  of  the  data  presented  here  show  a 
methodology  for  the  determination  of  shift  parameters  and  Indicates  the 
accelerating  effects  of  various  environmental  variables. 


SECTION  III 
SPECIMENS 

The  specimens  chosen  for  the  experiments  were  fiber  controlled 
laminates  with  epoxy  matrices.  One  metallic  fiber  and  one  non-metalllc 
fiber  was  used.  The  Brunswick  Corporation  of  Marlon,  Virginia  fabricated 
the  specimens . 

The  metallic  fiber,  boron  was  purchased  from  Avco  Corp.  as  55-05 
boron  tape  with  specific  gravity  2.012.  This  tape  was  layed  up  as 
follows:  0°,  +45°,  0°,  0°,  +45°,  0°,  with  each  angle  measured  from 
the  longitudinal  axis  of  the  specimen.  These  eight  ply  specimens  have 
a  thickness  varying  from  .040  to  .045  In.  The  material  was  fabricated 
In  panels  approximately  12  to  15  In.  wide  and  15  to  21  In.  long. 

The  second  material  was  fabricated  from  Hercules  X3501A-S  graphite 
tape  In  an  eight  ply  laminate  Identical  to  the  boron  epoxy  lay-up.  The 
panels  were  approximately  12  In.  wide  and  16  to  21  In.  long.  The 
specific  gravity  of  the  graphite  specimens  Is  1.476. 

Test  specimens  were  routed  from  the  panels  using  a  slotted  router 
coated  with  60/80  diamond  grit.  This  Insured  minimum  fiber  breakout 
at  the  ends.  The  ends  were  kept  perpendicular  and  the  edges  parallel 
to  the  fiber  direction.  The  specimen  width  was  .75  In.  In  four  dif¬ 
ferent  lengths,  5,  10,  15,  and  20  In.  [Reference  7]. 


SECTION  IV 
VIBRATION  TESTS 

Advantages  of  Vibration  Testing 

Forced  vibration  testing  as  a  means  for  obtaining  experimental  data 
has  several  desirable  features.  Since  the  test  Itself  Is  non-destructive 
many  observations  can  be  taken  from  a  single  specimen.  This  drastically 
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reduces  the  need  for  a  large  nunber  of  specimens.  The  ease  with  which 
observations  are  taken  makes  the  collection  of  a  large  amount  of  data 
possible.  This  was  essential  for  the  statistical  analysis  used. 


Measurenent  of  the  Complex  Modulus 

The  complex  modulus  Is  determined  from  a  forced  oscillation  exper 
Iment  In  which  the  lag  angle,  6,  between  the  Imposed  sinusoidal  strain 


e  «  eQ  exp(jwt)  (1) 

and  the  resulting  sinusoidal  stress 

0  «  E*e  -  |E*  |  e0  exp  j  (u>t-6)  (2) 

Is  measured.  In  equations  (1)  and  (2)  e.  Is  the  strain  amplitude,  o  Is 
the  circular  frequency,  j  Is  V^T,  t  Is  time,  and 

E*  «  £'(l+j  tan  «)  (3) 


Is  the  complex  modulus.  The  storage  modulus,  E\  Is  the  real  part  and 
the  loss  modulus,  E",  Is  the  Imaginary  part  of  the  complex  modulus. 
When  the  lag  angle  Is  small, 


E"  «  Im(E*)  -  E'tan  6  -  E'  5 


(4) 


Forced  vibration  experiments  were  performed  using  transverse  and 
axial  excitation  on  both  materials .  For  low  frequencies  (20-5000  Hz) 
specimens  were  vibrated  In  a  double  cantilever  bending  configuration  by 
clamping  them  at  midspan  to  an  accelerometer  fastened  to  the  moving 
element  of  an  electromagnetic  shaker.  For  higher  frequencies  (4,000- 
1  7,000  Hz)  the  specimens  were  vibrated  axially  (vertically)  by  clamping 
one  end  of  each  specimen  In  the  accelerometer  as  shown  In  Figures  1  and  2. 

The  experiments  were  carried  out  In  a  temperature  controlled  cabinet 
with  six  temperature  levels  ranging  from  -50° F  to  ■*■300° F.  The  excitation 
frequency  was  varied  continuously  by  a  sweep  oscillator  and  the 
acceleration  of  the  moving  elonent  of  the  shaker  was  kept  constant  by  an 
electronic  servo/monitor  In  a  feedback  loop  (Fig.  3). 
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Figure  2.  Test  Configuration  for  Axial  Vibration 


7 


8 


Figure  3*  Schematic  Diagram  of  Vibration  Testing  System. 


An  XY  plotter  recorded  a  force/acceleration  versus  frequency 
curve  for  each  observation.  These  curves  (Figure  4)  reached  a  maxlmun 
value  at  the  anti -resonant  frequency  and  a  mlnlimm  value  at  the  resonant 
frequency.  The  anti -resonant  frequency  was  used  to  determine  the 
modulus  and  damping  characteristics  of  the  specimen.  The  effect  of  the 
mass  of  the  accelerometer  and  specimen  holder  are  not  present  at 
antt-resonance .  If  the  resonance  had  heen  used  additional  electronic 
equipment  would  have  been  necessary  to  provtde  for  mass  cancellation 
(Figure  5).  For  transverse  vlbratton  the  lowest  three  anti -resonant 
peaks  were  observed.  In  the  axial  tests  only  the  first  vibration  mode 
was  observed  because  the  frequency  response  of  the  test  system  was  not 
high  enough  to  monitor  additional  modes.  (The  upper  limit  of  the 
system  was  approximately  20  kHz.) 

The  storage  modulus  and  lag  angle  (damping  ratio)  were  calculated 
with  the  aid  of  Isotropic  beam  and  bar  theories.  Since  the  ratios  of 
length  to  thickness  ranged  from  455:1  to  110:1  the  effects  of  shear 
were  negligible  and  Euler's  bending  theory  was  used. 

For  a  homogeneous  Isotropic  bar  In  axial  excitation  the  normalized 
driving  point  Impedence.  Z,  Is  given  by 


Vai 


m - a  * 


i 

fp 


tan  n*i  +  y 


(5) 


where  F1  Is  the  driving  force,  a,  1$  the  acceleration  of  the  transducer 
of  mass  m,,  M  *  pAi  Is  the  mass  6f  the  bar  with  p  the  mass  density,  A 
the  cross-sectional  area  and  i  the  length;  n*  ■  u  vVp/e*  and  y  ■  n^/M. 

The  relation  between  the  storage  modulus  and  the  frequency  Is  given 
by 


where  C,  the  wave  speed  Is 


C 


fnK 
n  n 


(7) 


Here  fn  Is  the  frequency  In  Hertz  at  an  anti -resonance  and  x  Is  the 
wavelength  for  the  anti-resonance.  n 

For  the  fixed-free  boundary  conditions  used  here 


xi =  x2  *  n  ,  x3  *  r~  •  ^ 
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FREQUENCY'  (f)  th*») 


Figure  4 . 


Typical  Axial  Vibration  Test  Results  on 
Boron/Epo*y  Specimens  at  Various  Temperatures 


(IO  dB  /div) 


Figure  Effects  of  Mass  Cancellation 
on  Resonance  and  Anti  resonance  Peaks. 


Therefore  It  follows  thet  at  first  anti -resonance 


E'  -  16t2pf,2 


(9) 


At  anti -resonance  Z  reaches  a  maximum. 


For  small  4,  at  an  anti -resonance,  It  can  be  shown  that 


«  ■ 


IB  '  f  '  -  f  1 

“2^1  _  12  T1 


00) 


th  '  ' 

where  f  Is  the  n  'anti -resonant  frequency  and  f*  arid  f-  are  the  half 

power  frequencies  as  shown  In  Figure  6.  At  the  half  power  points  the 
Impedence  Is  equal  to  .707  times  Its  peak  value  at  anti -resonance .  The 
half  power  points  are  3  Db  below  the  peak  when  clotted  on  a  logarithmic 
scale.  The  Impedence,  Z,  Is  plotted  in  Figure  o  resulting  In  a  maximum 
at  the  anti -resonance  frequency. 


It  can  also  be  shown  that  the  storage  modulus  for  vibration  of  a 
double  cantilever  beam  driven  by  a  sinusoidal  force  at  the  midpoint 
Is  given  by 


E' 


■ 


48ir2fn2p 


(11) 


where  h  Is  the  thickness  of  the  beam.  Values  of  the  parameter  "na"  are 
given  In  Snowden  [Reference  8]:  na,  *  1  .8751,  na2  ■  4.6941,  na*  *  7.8548. 
The  value  of  the  damping  ratio  1$  a^aln  computed  from  equation  flO). 


SECTION  V 

DEVELOPMENT  OF  A  RESPONSE  SURFACE 


Multiple  Regression  Procedure 

The  response  surface  problem  Is  to  find  the  response,  y ,  which 
depends  upon  a  set  of  k  controllable  variables,  x,,  x9,  ....  x. ,  that 
Is  1  K 


y  ■  f(Xj,  %2*  •••»  X|j)  (12) 

The  form  of  f  In  equation  (12)  Is  unknown  but  Is  assuned  to  be  a 
polynomial  function  of  low  order. 
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(13) 


If  fc>2  on.  night  tssun*  •  nodil  for  y  of  tho  form 
y  Wlt(2)l2+*ll*l2+*22*2?f,12<l*2+c 


where  e0,  0,,  ....  el2  are  coefficient!  to  be  estimated,  y  Is  the 
measuredresponse,  an>  ‘e  Is  random  error. 

If  n  experimental  observations  are  made  the  data  can  be  written 
In  the  following  form 


yl  X11  X21 
y2  x12  x22 


yn  xln  x2n 


The  nunber  of  observations  must  be  greater  than  the  nimbar  of 
coefficients  to  be  estimated.  The  1th  observation  can  be  written  as 


y1  "  e0+Blx11+e^21+Bllx112+B22X21Z+e12x11x21+c1  *14) 


where  e.  Is  a  random  variable.  It  Is  assuned  that  e*  Is  Independent 
from  obiervatlon  to  observation  and  Is  normally  distributed  with 
variance  a2.  The  model  of  equation  (14)  can  be  written  In  matrix 
notation  as 


where 
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07) 


and 


CX] 


(  ®o  \ 
Ui  / 
£.■  /e2  l 
yen  / 
f  ®22  1 
V  612  ' 


1 

2 

2 

*11 

X21 

X11 

X21 

xllx21 

1 

•  •  • 

x12 
•  •  • 

CM  • 
CM  * 
X  • 

X  ^ 
x12 
•  •  • 

w  2 

x22 
•  •  • 

x12x22 
•  •  • 

(18) 

1 

xln 

x2n 

CM 

C 

Jr 

w  2 

x2n 

xlnx2n 

The  method  of  least  squares  Is  used  to  estimate  the  regression 
coefficients  of  equation  07).  The  least  squares  method  uses  as 
an  estimate  for  g.  the  vector  that  minimizes  the  sun  of  the  squares 
of  the  errors 

L  *  e^2  *  t't  .  (19) 

L  can  be  written  as 

L  -  (HX]£)‘  (20) 

A 

where  £  Is  the  vector  of  estimates  for 
Expanding  the  right  hand  side  of  equation  (20) 

i  ■  I'xriLw  i+itx]  rai  (2I ) 

A 

To  find  the  g,  which  minimizes  L«  equation  (21)  Is  differentiated. 
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(22) 


§|-*  -2[X]  '1?2M  'DGt 

A 

Setting  the  partial  derivative  to  zero  and  solving  for  £,  the  least 
squares  estimator  Is 


(23) 


These  equations  are  called  the  "normal  equations"  for  estimating 
The  preceding  development  follows  that  of  Myers  [Reference  9]. 


Statistical  Analysis  System  (SAS)  computer  programs  were  used  to 


conduct  the  least  squares  regression 
made  for  the  regression  coefficients 
Temperature,  T,  and  the  natural  logarl 
the  Independent  variables  In  the  mode 


Ref erence  1 0] .  Estimates  were 
or  several  polynomial  models, 
thm  of  time,  t,  were  used  as 
s,  where  time  Is  the  period  of 


oscillation  at  anti -resonance .  Because  of  the  assumption  that  the 


errors,  e,,  are  normally  distributed,  the  Implication  that  the 
component!  of  the  complex  modulus  can  take  on  negative  values  exists. 


This  Is  due  to  the  fact  that  the  normal  distribution  extends  to  plus 
and  minus  Infinity.  This  physical  Impossibility  Is  resolved  by  using 
InE1  and  InE"  as  the  dependent  variables  In  the  regression  analysis. 


The  computer  program  not  only  estimates  the  regression  coefficients 
but  chooses  the  model  that  produces  the  maxlmun  R2 .  R2  Is  the  multiple 
correlation  coefficient  which  Is  a  measure  of  the  percentage  of 
variance  In  the  dependent  variable  that  has  been  accounted  for  by  all  of 
the  Independent  variables  combined  [Reference  11].  Tests  of  significance 
are  also  conducted  on  the  regression  coefficients. 

Although  models  up  to  fourth  order  were  tried,  the  computer  program 
showed  that  models  above  second  order  did  not  offer  ary  appreciable 
Improvement  In  fit.  Therefore  second  order  models  were  developed  for 
the  responses  which  Include  only  those  coefficients  deemed  significant 
by  the  computer  program. 

Response  Surfaces 

Using  the  above  procedure  response  surfaces  were  developed  for 
Ins,  InE',  and  InE"  for  both  boron  epoxy  and  graphite  epoxy.  These 
surfaces  were  of  the  form 


lny  a  A  +  Bint  +  Cln^t  +  0T  +  ET*  +  FTlnt 


(24) 
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where  y  Is  either  5.  E\  or  E".  The  values  of  the  coefficients  are 
given  In  Tables  1  and  2.  The  multiple  correlation  coefficient,  R2, 
and  the  error  standard  deviation,  <j,  Is  also  given  for  each  surface 
In  Table  1 . 

To  aid  In  visualizing  these  surfaces  contour  plots  are  given 
(Figures  7,  8,  12,  and  13;.  These  plots  were  drawn  by  at  XY  plotter 
controlled  by  a  digital  computer  which  used  the  regression  equations. 
The  temperature  scale  Is  the  abclssa  and  time  (period)  Is  the  ordinate. 
There  are  plots  for  both  the  storage  and  loss  moduli  of  boron  epoxy 
and  graphite  epo*y. 

When  temperature  Is  held  constant  the  result  Is  a  two  dimensional 
curve  which  Is  the  Intersection  of  a  constant  temperature  plane  and 
the  response  surface.  Such  constant  temperature  cuts  were  made  using 
the  experimental  temperatures  with  the  results  shown  for  boron  epoxy 
In  Figures  9  and  10  and  for  graphite  epoxy  In  Figures  14  and  15. 

The  regression  relation,  Equation  21,  estimates  a  mean  surface 
(mean  line  for  constant  temperature).  It  Is  possible  to  establish 
confidence  bands  for  this  mean  surface.  It  Is  also  possible  to 
estimate  tolerance  bands  for  new  observations. 

The  probability  that  a  new  observation  will  fall  within  the 
limits  prescribed  by  y'  Is  a/2%,  where 


y'  ■  y  +  za/2  a  {1  +  x([X]'[xr1)x_')1/2  (25) 


In  this  equation  y  Is  the  value  of  the  response  (Ins,  InE',  InE")  on 
the  regression  surface  defined  by  equation  (24)  and 


x  *  p,lnt,1n2t,  T,  I2, Tint] 


(26) 


a  Is  the  error  standard  deviation  given  in  Table  1,  z  n  Is  the  normal 
statistic  corresponding  to  the  a/2  probability  of  exceedence,  x([X]' 
[X])-lx‘  Is  a  quadratic  form  with  x'  the  transpose  of  x  (Equation  26) 
and  th¥  [X]  matrix  is  defined  by  Equation  (18).  Due  to  the  nature  of 
this  particular  experimental  design  and  the  large  number  of  observations 
the  value  of  the  quadratic  form  is  negligible  compared  to  1.  In  fact, 
an  error  of  less  than  1%  Is  Incurred  If  it  is  assumed  to  be  zero.  For 
95%  probability  z  ^  1s  1*96  and  Equation  (25)  becomes 


y'  *  y  +  1.96o  (27) 

Plots  of  the  regression  with  95%  probability  curves  and  the  data 
are  given  for  the  damping  ratio  at  -50°F  for  both  materials  in  Figures 
11  and  16. 
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Figure  7.  Contour  for  the  Storage  Modulus  of  Boron/Epo*y 
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TEMPERATURE  OEGREES  FAHRENHEIT) 

Figure  8.  Contour  for  the  Loss  Modulus  of  Boron/Epoxy 
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Figure  10.  Constant  Temperature  Curves  for  the  Loss  Modulus  of  Boron/Epoxy 


TABLE  1 


R2,  a,  and  the  Coefficients  of  Equation  (21)  for  Degrees  Kelvin 

Boron  Epoxy 


ln6 

InE  * 

InE" 

R2 

.65 

.58 

o 

.33 

.05 

.38 

A 

2.42 

1648 

18.90 

B 

1  .612 

-1  .899x1  0"2 

1.623 

C 

1  .11  5x1 0”1 

2.115x1  0"3 

1  .136cl  O'1 

D 

-1  .352x1 0“2 

0 

-1  .352x1  O'2 

E 

1  .594x10'® 

0 

1  .594x10'® 

F 

-5.362x1  O’4 

7  438xl0'5 

-4  .61 8x1 0"4 

Graphite  Epoxy 

1  n6 

InE' 

InE" 

R2 

.70 

.25 

a 

.41 

.04 

.45 

A 

4  .65 

15.93 

20.58 

B 

2.285 

-7 .81 7x1  O'3 

2.277 

C 

1  .478x1 0"1 

1  .735x1  O'3 

1  4  95x1  O’1 

D 

-1  .51 9x1  O’2 

3. 31 7x1  O'4 

-1.48  6x1  O'2 

E 

1  .183x10"® 

0 

1.183x10'® 

F 

-1  .036x1  O'3 

8.050(10'® 

-9.555x1  O'4 
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TABLE  2 


Coefficients  of  Equation  (24)  for  Degrees  Fahrenheit 


Boron  Epoxy 


lnfi 

1  nE  * 

InE" 

1  .1 45x1 0~2 

16.48 

16.49 

1  .505 

0 

1 .505 

1.11 5x1  O'1 

2.1 15x1  O'3 

1  .136x1  O'1 

-2.988x1 0"3 

0 

-2 .988x1  O'3 

4. 920x1  O'6 

0 

4  .920X10"® 

-2 .97  9x1 O’4 

4 .132x1 0”5 

-2.565x1 0"4 

Graphite  Epoxy 


lnfi 

InE' 

InE" 

1  .547 

16.01 

17.56 

2.021 

1  .274x1 0"2 

2.034 

1  .478x1  O’1 

1  .736x1  O’3 

1  .495x1 0”1 

-5  .OBlxlO”3 

1  .843x1 O"4 

-4  .897x1  O'3 

3. 650x1 0"6 

0 

3 .650x10’® 

-5.754x1  O'4 

4. 47  2x1  O'5 

-5 .307x1  O’4 

24 


■■■•a 

aaa 

■■■■ 

aaaaa 

aaa 

■■■■ 

aaaaa 

aaa 

■aaa 

aaaaa 

aaa 

■aaa 

aaaaa 

aaa 

■aaa 

4444949 

aaaaa 

aaa 

■aaa 

aaaaa 

aaa 

oaaa 

■■■■■ 

aaa 

iaaa 

aaaaa  44 

•Nil 

aaa 

■aaa 

a mmm  444 

aaa 

aaaa 

aaa  4444 

aaa 

■aaa 

aa  4444 

c7> 

aaa 

■  aaa 

B  4444 

aaa 

aaa 

444  4 

S’  aa 

aaa 

muu 

4444  00 

b  ■ 

aaa 

■  a 

4444  44 

_  at 

aaa 

4444  444 

xi  aa 

aaa 

m  il 

aaa 

4444  ••• 

5  aa 

aaa 

4444  #44  4 

oo  ■■ 

ft  55 

1 1  ■  ■ 

aa 

a 

4444  400  « 

44444  •••  BN 

4444 

•••  mmm 

444 

004  mm 

aaaa 

44 

444 

004  mmm 

aaa 

444 

44 

040  mm  a 

aa 

as  4* 

44  4 

000  mmm  a 

S  44 

4  000  aa  aa 

5  44 

4 

8).  4  4 

4 

ft  5 

•  •• 

mm  aa 

44 

•  •• 

aaa  aa  a 

aaa 

444444  • 

aaaa 

44444  • 

aaaa 

44444  • 

aaaa 

44444  • 

aaaa 

4444  44 

44444  00 

V 
00 

•  - 


00 
00 
00 
00 
I  a  0 


_cn 


T 


2  _0!  fi.OT  ¥JOl 

(SQN0D39  00183d 


400 

aa  aaa 

■ 

00 

aaa  aa  aa 

0 

aaa  aa  aa 

O) 

ft 

0 

aaa  aa  aaa 
aa  aa  aaa 

8 

a  aa  aaaa 

•  V 

m  aa  aaaa 

•  o» 

0i 

aaa  aaaa 

• 

vv 

hJ 

■a  aaaaa 

00 

a  aaaaa 

40  a 

V 

3  aaaaaa 

00  m 

as 

0>i  aaaaaa 

0  m 

5 

& 

0  mm 

mm 

mmm 

a 

a>a  y.i  aaaa 
Ola  "  aaaa 
■  a  j;  aaaa 
aa  12  aaaa 
aa  T,  aaaa 

mmm 

a 

mm 

a 

mmm 

aa 

mmm 

aa 

mm  aaa 

aa  Ok  aaaa 

aa  aa 

aaa  .aaaa 

8 

B 


8 


8 


.8 

.8 


LB 


1 


fi- 


01 


25 


Figure  12;  Contour  for  the  Storage  Modulus  of  Graphite/Epoxy 
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PER I 00  6EC0N0S* 

Figure  16.  95*  Probability  Curves  for  the  Damping  Ratio  of  Graph ite/Epo*y  at  -50°F 


SECTION  VI 


TEMPERATURE  SHIFT  PARAMETERS 


Although  response  surface  analysis  does  not  necessarily  give  a 
physical  explanation  for  the  underlying  principles  of  the  material 
behavior,  a  great  deal  of  Information  can  be  obtained  from  this  approach 

The  surface  may  be  extrapolated  to  various  temperature  levels  and 
to  testing  times. 

It  is  also  possible  to  compare  these  results  with  the  time-tempera¬ 
ture  superposition  methods  of  linear  viscoelasticity. 

Curves  of  storage  and  loss  modulus  versus  lnt  at  a  constant  tempera 
ture  can  be  shifted  horizontally  along  the  lnt  axis  with  changes  In  tem¬ 
perature.  A  vertical  shift  due  to  density  changes  also  exists  for 
thermorheologlcally  simple  materials  [Reference  6  Halpin]. 

Similar  horizontal  and  vertical  shift  parameters  may  be  established 
for  the  fiber  reinforced  composites  tested. 

The  horizontal  shift  can  be  obtained  from  the  equation  of  the 
response  surface.  At  the  reference  temperature,  denoted  by  Tr,  the 
response  (Equation  24)  function  becomes 

In  yr  =  Ar  +  Brx  +  Cx2  (29) 

2 

where  y  Is  the  response  (E1  or  E"),  x  =  lnt,  A  =  A  +  DT  +  ET  »  and 
B  =  B  V  FT  .  The  stationary  point  on  the  constant  temperature  curve 
(Figure  17)rcan  be  obtained  by  differentiating  equation  (29)  with 
respect  to  x  and  equating  the  resulting  derivative  to  zero. 


d(ln  yr) 
“dlT" 


+  2Cx=  0 


(30) 


The  coordinates  of  the  stationary  point  are  thus  given  by 


x 


r 


(31) 
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Figure  17.  Horizontal  and  Vertical  Shift 


The  stationary  point  can  similarly  be  found  for  a  curve  at  another 
temperature  and  the  difference 

x  -  xr  =  lnF=  ’  2c  (T"V  (32) 

is  the  horizontal  shift  parameter . 

The  vertical  shift  is  likewise  obtained  and  is  given  by 

In  y  -  In  yr=  In  =  (D  -  !£)(T-  Tf)  +  (E  -  (T2  -  Tp2)  (33) 


Both  the  horizontal  and  vertical  shifts  are  functions  of  the 
temperature  and  the  regression  coefficients  of  the  response  surface. 

The  time  shift  exists  only  if  C  and  F,  the  quadratic  (1  n^t)  and 
Interaction  (Tint)  coefficients,  are  nonzero.  The  vertical  shift  is  also 
a  function  of  these  coefficients.  Tables  1  and  2  show  that  these  para¬ 
meters  are  nonzero.  The  shifts  can  be  shown  to  be  valid  at  all  points 
on  the  curves  and  not  just  at  the  stationary  points.  Figures  18  and 
19  show  these  shift  parameters  as  functions  of  temperature  with  80°F 
taken  as  the  reference. 

The  time  shift  shows  that  an  acceleration  of  testing  time  can  be 
achieved  for  the  storage  modulus  by  increasing  the  temperature  above 
the  reference  tanperature.  A  new  reduced  time  scale  is  given  by 
t  *  t  aT,  where  t^  is  the  time  at  the  reference  temperature  and  aT  is  the 
time  shift  parameter,  t/t  .  For  example,  lnaT  for  the  storage 
modulus  of  graphite  epoxyrat  300°F  is  approximately  -2.83  (Figure  18) 
and  aT  is  about  .06,  reducing  the  time  scale  to  6%  of  the  80°F  time  scale. 

An  increase  in  the  time  scale  occurs  when  the  temperature  is 
elevated  for  the  loss  moduli,  but  this  is  much  smaller  than  the  de¬ 
crease  in  time  for  the  storage  moduli . 

According  to  Halpin  [Reference  6],  the  storage  modulus  for  an 
ideal  rubber -1  i ke  material  should  behave  according  to 


(34) 


However,  the  vertical  shifts  obtained  from  these  response  surfaces  for 
the  storage  modul i  do  not  exhibit  this  behavior.  For  example,  the 
largest  storage  modulus  shift,  E  V Er  * ,  occurs  for  graphite  epoxy 
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Figure  18.  Time  Shifts  Due  to  Temperature  Changes 


and  Is  approximately  .98  at  300°F  (422K)  with  the  reference  temperature 
being  80°F  (300K).  (See  Figure  19).  The  above  equation  Indicates  a 
density  ratio,  p/p  ,  of  about  .7  which  Is  much  larger  than  the  actual 
density  change.  This  shows  that  the  composite  materials  studied  here 
behave  according  to  some  other  mechanism  that  Is  not  yet  understood . 

Using  these  temperature  shift  parameters,  master  curves  have  been 
constructed  for  the  storage  moduli  and  are  given  In  Figures  20  and  21  . 


SECTION  VII 


HUMIDITY  EFFECTS 


The  response  surface  model  given  In  the  previous  section  Is  second 
order  In  temperature  and  time  with  an  interaction  term  (Tint)  Included. 
To  account  for  hunldity  effects  a  new  model  would  Include  a  third 
independent  variable.  This  new  model  may  be  of  the  form 

3  3  ? 

y  -  Bn  +  ^  BjX.  ^  BjjX.  ^  ^  8^ - x ,x - (35) 

U  H  11  i=1  n  1  i  j  1.1  1  3 

i<j 


where  the  b's  are  constants,  y  is  the  measured  response  and  e  is  random 
error.  The  Independent  varlabl  es,  x, ,  x„,  x-,  are  time,  temperature, 
and  humidity  or  some  function  of  these  variables. 

A  response  surface  given  by  Equation  (35)  would  not  only  give 
the  temperature  shift  parameters  but  would  give  additional  shift 
parameters  due  to  the  absorbed  water  in  the  material  . 

Experiments  currently  being  performed  will  be  used  to  estimate 
the  parameters  of  Equation  35. 


SECTION  VIII 

CONCLUSIONS 


A  non-destructive  testing  technique  was  used  to  determine  the 
environmental  effects  on  the  complex  moudlus  of  composite  materials. 

A  large  number  of  experiments  were  conducted  to  obtain  data  at  various 
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temperature,  °f 

Figure  19.  Vertical  Shifts  Due  to  Temperature  Changes 


9.75 


PERIOD  (SECONDS) 

Figure  21  .  Master  Curve  for  the  Storage  Modulus  of  Graphite/Epoxy  for  a  Reference  Temperature  of 
80° F  (300K) 


tanperatures .  These  data  were  used  to  obtain  response  surfaces  for 
the  complex  moduli  of  boron  epoxy  and  graphite  epoxy. 

Information  about  the  material  behavior  can  be  obtained  from  the 
equation  of  the  response  surface.  Horizontal  and  vertical  shifts  were 
developed  to  show  the  changes  In  the  time  and  vertical  scales  due  to 
changes  In  temperature. 

To  develop  shifts  due  to  tumidity  the  same  procedure  could  be 
carried  out  after  gathering  sufficient  hunldlty  data  to  fit  a  response 
surface. 

It  has  been  shown  that  an  appreciable  acceleration  of  testing  time 
can  be  achieved  by  elevating  the  test  temperature. 
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APPENDIX 


TABULATION  OF  VIBRATION  DATA 


The  experimental  observations  are  listed  In  a  computer  p  In 

order  of  decreasing  period  (Increasing  frequency)  for  each  test  tan- 
perature.  The  temperatures  are  gl^en  In  degrees  Fahrenheit  and  the 
period  (which  Is  the  reciprocal  of  the  frequency  in  Hertz)  Is  given  In 
seconds.  The  damping  ratio  is  a  nondlmenslonal  quantity  and  Is  com¬ 
puted  by  using  equation  (10).  The  storage  modulus  is  given  by 
equations  (9)  and  (11)  and  is  In  units  of  psi .  Each  specimen  is  coded 
using  two  characters.  The  first  character  is  numeric  with  the 
numbers  1,  2,  3,  and  4  signifying  transverse  excitation  of  speicmens 
of  length  5,  10,  15,  and  20  in.  respectively.  The  numbers  5,  6,  7,  and 
8  are  for  axial  vibration  and  also  denote  lengths  of  5,  10,  15,  and  20 
in.  respectively. 

The  second  character  is  alphabetic  ranging  from  A  to  E.  This  code 
identifies  each  of  five  specimens  having  nominally  identical  dimensions. 

Specimens  were  excited  at  the  first  three  antiresonant  frequencies. 
The  first  appearance  of  a  code  number  in  the  tabulation  signifies  the 
lowest  antiresonant  frequency,  second  appearance  identifies  the  next 
highest  frequency  etc . 
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0 • 1 94 1 E 

uB 

3C 

bj 

J  •  2  7  J  3c  —  w  1 

o. 1 B4Gb— U 1 

0.1941b 

t-8 

3D 

bJ 

0 . i^tbt-ol 

0. 1960E-01 

U. 1478b 

ub 

2  A 

bj 

J. 1242t-G  L 

0.  199ub-0i 

0.1 48  Be 

02 

21 

b  J 

J.1233E-GI 

0 • l 540E-C l 

0.1910b 

08 

2C 

bJ 

d.l22yb-v,l 

0.172 OE -01 

0. 19211 

08 

20 

(1 J 

0.11988-01 

0. 1680C -01 

0. 1601b 

06 

28 

b  0 

J.B23ofc“t  ? 

j.9dQ0E-G2 

G.1361F 

08 

41 

CJ  J 

J  .►■  1  dJL-o2 

0. 50G0E-O2 

0.1409E 

08 

4C 

0  J 

u.blJ^E  —  c2 

0.4500E-02 

C • 1 4 14t 

w  d 

4b 

eO 

0 .8 1 1  J(>o2 

0.63001-02 

0. 1422b 

06 

4A 

d  J 

J.blUUL-02 

U.97COE-02 

0.1424E 

06 

4D 

b  j 

o»44<;ou~J2 

'J  •  5  oOOE— 02 

0  •  1  9 1 8  f 

08 

3L 

dU 

D.44uj*1-u2 

0. 4400fc-G2 

G.1932E 

08 

30 

dw 

0.439Jc-u2 

u. 7900E-02 

o.l 9381 

08 

3b 

du 

o.iCJJc -02 

G. 6200E-02 

O.1906L 

jR 

1C 

3  J 

0 • 3o4 jl -v2 

w.61CoL -02 

1.19931 

ub 

1A 

HU 

C.304JL-02 

0.6100E-U2 

G.1953E 

08 

IE 

30 

o  .  3U J Jfc-u2 

0.610GE-02 

G. 1963b 

l  a 

ID 

do 

0.193 Jc- 02 

0. 590CE-0? 

0.149  71 

03 

?A 

bo 

o . l46dE-G2 

0.4900E-O2 

0.  1497b 

08 

2C 

bO 

j. 19  7jt  -u2 

0. 7900E-02 

C.15 J8E 

Ot 

2H 

bo 

0.14  7jc-02 

0. 4700E-02 

0.1911c 

U0 

2D 

B  3 

J.  14  7 Jt_-C2 

G.4100E-02 

0.15031 

c8 

2E 

BJ 

3.197Ji>G2 

O.o JUGE-02 

0.1927b 

08 

3A 

do 

J.l97Jb-02 

0. 63GCE-U2 

0  •  l  5  2  6  b 

Cd 

3D 

43 


I 
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duKLN  tPUXY  ViBKATlJiM  DATA 


TErtM 

PC K I 00 

GAMMING  RATIO 

SI  GRACE  MODULUS 

SP8C 

ao 

0 • 1 56  Jc-l2 

U. 82008-02 

0. 1346E 

0  6 

jl. 

20 

0*1 5ojt -02 

0.  630GE-02 

J. 18468 

08 

JP 

60 

0.15508-02 

0.39008-02 

0.I8/OE 

08 

38 

00 

0  •  493 JE-G  3 

0. 440CF-02 

0.15088 

oa 

10 

80 

0.49 1 Ut"u3 

0. 14708-01 

0  •  1  5 1  3  E 

OH 

18 

6J 

w.4900E— 03 

0. 8400E-02 

0.15208 

.•8 

IE 

6o 

)  .489  jL'-03 

0. 89008-02 

0.15281 

08 

1A 

60 

<>  «  2  u  1 0  c  -  0  3 

0.1810E-01 

0  •  1 7  2  7  ‘ 

wb 

7.) 

60 

0.198 Jt-GJ 

0.  U90E-01 

j.l 7838 

08 

7A 

dj 

u.198j8-03 

u* It  10E-01 

0.  17808. 

uC 

f6 

60 

J.l9aOE-G3 

0. 1 78C8-01 

G.17C7L 

OP 

7E 

6  0 

0.197J8-G3 

0. 12608-01 

0  •  1 7  4  8  C 

08 

7C 

60 

o. i 750fc-o3 

U.9300E-02 

C.1517F 

08 

1A 

a  0 

u. 13501-63 

G.6500F-02 

0.16978 

06 

<  C 

60 

0. 1340 h -03 

0. 10908-01 

0.173OE 

cb 

61) 

eo 

J. 134ut- J J 

C. 84008-02 

0. 1 744F 

08 

60 

30 

0.133JE-O3 

0.1070E-01 

0. 17488 

u6 

6A 

8. 

l  •  lOlJt-ui 

0. IU608-01 

0 . 1  8  09  L 

0  8 

bP. 

6  0 

o . 7090E-04 

0. 19  80E-QI 

G.1547E 

Ofl 

5E 

80 

o . 70 / jfc~u4 

o» 1270E-01 

0.1886F 

Co 

5  A 

HO 

0 .O980E-G4 

0. 1 400E-01 

6.1 896F 

Cb 

51) 

dJ 

J.faBoOE-O1* 

0. 10601-01 

0.lo80F 

Ob- 

jC 

20  J 

w.  5  Iw2i.-L  1 

u. 21908-01 

0.14118 

08 

48 

2o‘J 

0  .8097t  -ul 

0. 224ut-01 

0.14148 

l6 

40 

2  Gw 

w. 5Co38-0  1 

J. 2080E— Cl 

-'.14331 

oe 

4o 

200 

J. 00361.-01 

O.2020E-01 

0  •  1  4  3  7  l 

OP 

4C 

2.00 

j. 80458-01 

0 . 2  02  wb— 0 1 

0.14438 

08 

4A 

200 

j. 26118-01 

U.1760E-OI 

U. 14 721 

06 

)E 

200 

0.  £.60  1  t.-O  1 

0.  io20E-Ol 

0. I48ir 

Ob 

3D 

20  0 

0.27538-wi 

0. 17208-01 

0.1534c 

ud 

3C 

2  JJ 

0.12701 -01 

0. 1980E-01 

0.14248 

08 

2C 

200 

o.l2  Jdt- o  1 

G.  1250E-GI 

0. 1451 E 

3c 

2F 

200 

0.  I280C  -  Ol 

0. 126GF-01 

u. 14551 

06 

2  A 

2 'JO 

0.128 OL- 01 

u. 1630F-01 

0.1455E 

j6 

2D 

20o 

0 • 12  388-0 1 

0.  13801-01 

U. 1497E 

06 

2  8 

200 

O.830OE-O2 

0.80001-02 

0.1358F 

Or 

48 

200 

v..O2o08-G2 

0. 83008-02 

U. 13918 

•j  c 

4.3 

2wO 

O.d ldot-o2 

0. 5300F-02 

0.13978 

cS 

4l; 

2w0 

J.0I6  08-02 

0.381  08-02 

C.1403F 

Oc 

4  A 

2  00 

0.8 io J8-u2 

0.  5400E-02 

0. 14G6E 

OP 

40 

2  JO 

0.45108-02 

C. 730u8-02 

0.14588 

l8 

3  A 

200 

0 .440 Jc-02 

C.4500E-02 

0.1485E 

06 

3D 

200 

0.44808-02 

C.6700F-02 

0.14918 

Ld 

3K 

200 

0.44300-02 

0. 770CF-02 

0 . 1  5  1 1 F 

06 

3C 

200 

0.31008-02 

0. 1240E-01 

0. 14978 

OH 

ir 

200 

0. 3G 70c -02 

0. 670G8-02 

C.  1525E 

1  8 

ip 

44 


i 


riLKLN  t POXY  VIBKAUON  DATA 


rtiT 

Pb.KliJJ 

DAMPING  PAUL 

STllPAut  MODULUS 

SPEC 

2  Jj 

o.3-/ufc-02 

C.6100E-0? 

0.1521  £ 

03 

1A 

200 

J. 30o0fc-o2 

0.61 001-02 

0.15341 

Ob 

11 

2C0 

0. 3u5JL-C2 

0 • 6 1 0  Jt —02 

0.15431 

Ob 

10 

200 

0.2O20t— 02 

0.1000E-01 

0.14381 

Gfc 

2C 

2uu 

0.2olJt-02 

C.o0CGb-02 

0  •  145ul 

-ti 

21 

200 

0.206  0b-u2 

0,60 OOP- 02 

0.14olt 

08 

20 

200 

0.200ol-02 

0. 7200E-02 

0.14611 

00 

2A 

2uG 

J.  144JE-G2 

O.auOoE-02 

0.14731 

CO 

2B 

2<Ju 

U •  lo  10fc-u2 

0.67G0E-02 

0.14651 

08 

3A 

0  •  1  590fc  —  02 

J.660C1-C2 

0.14901 

68 

38 

2oU 

J.159JL-C2 

0. 460 JE -02 

0.14401 

08 

3£ 

2  v  J 

0. 139wt:-02 

U.65CGE-G2 

0.14501 

08 

1C 

2  J'O 

J.1590c-02 

0. 6400E-U2 

U.14d5t 

or 

3D 

2uO 

j  •<t9d0r-U3 

G.45U0E-02 

C.1476F 

Ob 

10 

2^/0 

0.45801— 03 

0.  85001-02 

0.14761 

0  b 

13 

200 

u  .44666—0  3 

0*  60001-02 

0.14831 

OR 

10 

2  o  - 

u.4550r:-6l 

0.  340U1-Q2 

0.1491L 

JR 

1A 

200 

J.2g4j£-03 

0. !43uE-0l 

0.1672b 

0 1? 

7  A 

20. 

j»ii04*jL“o3 

0.2200E-01 

0 . 1 6  86 1 

7£ 

2  J  0 

0 .c  u4j!-6 j 

0.1 530E-QI 

0.16721 

08 

70 

2Uu 

O.^oiOt-03 

0.16401-01 

0.17031 

Ob 

7C 

200 

j .cO201-03 

0.l4t>OE-01 

0.17101 

OH 

78 

200 

0.  19  Jji  -o  J 

6.  060  Ut-02 

0 . 1 2  5  o  1 

6  3 

19 

200 

0  •  ll  1 0  u  —  0  3 

0.7200E-02 

0.1420E 

08 

18 

20  0 

J*  18-01-03 

0. 14401-01 

0.14351 

Ob 

11 

2u<> 

u  •17401-03 

0.96001-02 

0.1 4471 

08 

1A 

200 

0.  I40o£-o3 

0.10 1 OE-O 1 

0.15931 

Cl. 

of. 

20  0 

U. l34oi£-J3 

o.fa/OCE-02 

0.16201 

Cd 

60 

200 

0 • 13  7  0  r  -  o  3 

0. llOoE-Ol 

0 . 16  56b 

or. 

6  A 

2  Ju 

0  • 13ojL-v3 

J. 86001-02 

0  .  1  6  7  _>  c 

Cl 

61 

20u 

J  •  l3*o£-03 

U. lOdul-Ol 

0.1 739b 

Ofi 

63 

20u 

0*  72oOL— 04 

J. 2390E-01 

0.14751 

0  8 

51 

20u 

J. 71 /0t-o4 

0.1290E-01 

0.1512b 

Ob 

5  A 

<:  GO 

0.71 301 -04 

0.17 10F-01 

6.15301 

6  b 

90 

?0u 

2  •  7tU01-04 

6.16401-01 

0 . 1  5b7f 

V  J 

5C 

300 

0  .  5  lo Jl-C l 

0.21 70E-01 

u  .  1  3  «  0  b 

Ob 

4l 

300 

0.  5l4*c-6'l 

u. 26601-01 

C.l 3tcl 

Ob 

4C 

30o 

J.5134C-01 

U.213OE-01 

0.13541 

ub 

410 

jOu 

0.3llv;r-~ul 

0. 1940E-01 

0.1*071 

w<  b 

48 

JOU 

0  •  l>6b4L-0 1 

0.2O8^E-01 

6.14211 

v8 

4A 

30  n. 

J.2b  13L-C1 

6.17  CGI-  0 1 

0. 14*bfc 

08 

10 

300 

0  •2t*  J4L-0L 

C.1750E-01 

6 • 1 4  7d£ 

Ob 

31 

3J- 

J.2797c-01 

0.175  OE -01 

0  •  1 4  b  5  b 

68 

1C 

3U0 

J.12  7dl-01 

0. 13461-01 

0.14061 

ub 

20 

J6U 

j.  U  741-ol 

0.  IB10E-01 

0.1*191 

wO 

20 

300 

j.  12  741 -01 

O.140CE-01 

0.14151 

u6 

21 

45 


BORON  EPOXY  VIBRATION  DATA 


TEMP 

PERI JO 

DAMPING  PATIO 

STORAGE  MODULUS 

SPEC 

300 

J.1274E-01 

0.1430E-01 

0.1415C 

08 

2A 

3  jw 

j.l262L-01 

0. IP90E-01 

0.1442F 

08 

28 

3o0 

0  •  63  7ofc-U2 

J.7100E-02 

0. 1 33 St 

Ob 

4E 

3oo 

0.  o32oE -C2 

C.83C0E-02 

G.13S1E 

ob 

*»C 

3  J«j 

O.o  J  J06-o2 

0.  7100B-02 

0.1358E 

of. 

4H 

3oo 

0.t»2i>0E-02 

0. 7400E-02 

0.13C9E 

OP 

4A 

300 

J  •  2  6  J  c  -  0  2 

0.6lCot-02 

G.1369F. 

Ob 

41) 

3o0 

O.A3<)OC-o2 

0.7800E-02 

0. 141 jE 

08 

3  A 

iuO 

0.482 Jt-o2 

0. 6800E-02 

0. L4S2E 

08 

3!) 

3o0 

J.-+t>10t-02 

0. 5CG0E-02 

0.145BE 

ob 

3C 

30w 

J.44B 00-02 

o. 7bo0E-02 

0.1472E 

OB 

3H 

300 

0 *  S120L-02 

0.21 80E-01 

U.1479E 

of 

1C 

3  JO 

0. 1240E-0 l 

0. 14B6E 

OR 

If 

30  j 

J.3>'4  JE-  ;2 

0. 62  OoE-02 

0 • 1 3uGE 

Ob 

10 

300 

J  »2o6 06-02 

0.11 50E-01 

0.  13  78E 

of 

2C 

30  u 

0.200^8-02 

0. 1340E-01 

0.1375E 

Ob 

2E 

30  J 

o  .iO'tOt  -o2 

0.1 G2  Ot-0 1 

0.1409E 

uE 

2D 

3j„ 

0.2  0  JOc  -C<c 

O.7300E-02 

C.1421E 

0  8 

2A 

3^0 

0 .2v J0L-O2 

0. I220E-01 

0.1410E 

08 

28 

300 

0.  16206-02 

0.7O00E-02 

0.1443E 

0  8 

33 

3oo 

0. l620c-^2 

U.67COE-02 

0.1 443 !: 

06 

3t 

300 

J.lo2uc-32 

u • 7000t-02 

0.1442F 

OP 

3A 

300 

j. 162  Oh -02 

0. Hi OOt-02 

0 . 1 4  4  2 1 

OB 

ID 

3uJ 

u.lclOE— 02 

0.760uE-02 

0.1458E 

OB 

3C 

3uO 

j.  ‘juo or-u3 

0. lblGE-01 

0.14288 

0  b 

1A 

3  oO 

0»bo40i_  —  oJ 

0.  ‘jouOE-02 

0.1439E 

06 

IE 

30« 

0.8U40P-G3 

0.5000E-02 

0. 1439F 

08 

1C 

3uv. 

J.2o9uE  —  0  3 

0. lo50E-ol 

0.1698F 

C  8 

7C 

3  Jo 

0 .<£o90L-u3 

0. 1320E-01 

0. 1S9B8 

08 

7ft 

300 

o.2ot>Or-C  3 

0.  12  70E-01 

j. 1 6i  IE 

Ob 

7D 

300 

0.20700-03 

0. 1320E-01 

0.16358 

uf> 

7E 

JOs, 

•>.2o6  ./t-0  3 

0. 1C3GE-01 

0.1645E 

08 

7A 

3  Ju 

i  j .  1  ‘  .*  3  o  2  —  0  3 

0.900CE-02 

0  •  1 2  4  7  r 

08 

10 

3  Jo 

0. IVJJC-03 

C.8900E -02 

0.12948 

08 

IE 

300 

).  14202-0  3 

G. 192CE-01 

C.1540F 

Cb 

6C 

Joo 

0 . 140ot— o3 

0. 1390E-U1 

0. 15F0E 

oft 

60 

30  o 

o. I34ot-03 

0.81 0GE-02 

0.16168 

OR 

6E 

300 

0 • 1 390c-u  3 

0. 1390E-01 

0. 1 61  IE 

08 

6A 

30  j 

j. L370L-o3 

0. 1 1  lot-01 

C.1656E 

08 

6ft 

300 

0 • 744 0c- 04 

0.3C50E-01 

0.14048 

Oft 

SE 

30  0 

J • 7  2  7OC-04 

0. 1630E-01 

0.1469E 

0  8 

5A 

30  0 

0.721 JL -04 

0.  1980E-01 

C.1495L 

08 

80 

300 

J • 7 l 60l-04 

O.2080E-01 

0.1514E 

OR 

t>t> 

30  j 

j.  7 12  JI  -oh 

0.171 ot-01 

0.15328 

06 

5C 

46 


GRAPHITE  EPOXY  V 1 bR AT  I  ON  DATA 


TEMP 

PERIOD 

DAMPING  RATH. 

STORAGE  MODULUS 

SPEC 

-bJ 

^ . bbior-Cl 

O.443CE-01 

0.C8C0E 

07 

4A 

-bO 

J .549Jt-01 

0.484GE-01 

0.8920E 

07 

4B 

-5* 

0*  546J8-01 

0.442GE-G1 

0.9G4GF 

07 

4E 

-bu 

0  .33206-01 

0.527GE-01 

0.^520E 

07 

4C 

-bo 

w.iliiOfc-Ol 

0. 4050E-01 

u.d520E 

07 

38 

-50 

0*3 ioJE-U 1 

0.3850E-01 

0.85406 

07 

3A 

-bo 

u.  3 14uc-0l 

0. 3700E-01 

0.865 06 

07 

3D 

-J.J 

0  .3 lOOE-ol 

O.3780E-01 

G.8890E 

07 

3E 

-bO 

0 • JOoOE-Oi 

0.  •♦160E-01 

0.9090E 

07 

3C 

-50 

C.l430t-ol 

0. 1 780E-01 

0.82636 

07 

2C 

-bo 

0  •  I40oc-01 

0.1820E-01 

0.8610E 

07 

28 

-50 

0. IbDjt-01 

0. lb70E-01 

0.67  oGE 

C7 

2A 

-bO 

0.13 TOfc-Ol 

0. 185GE-01 

0.F970E 

07 

2D 

-50 

o. 13  7 oC-Ol 

0. ibbufc-Oi 

0.69606 

07 

2E 

-bo 

o  -.71 JE -02 

0.3110E-02 

0.P630E 

07 

40 

-bo 

0 • oc9 Jt-02 

0. 7560E-02 

0.86806 

07 

4A 

-5o 

0 .874 jfc-o2 

0.7670E-02 

0.88G0E 

07 

4B 

-bo 

o  .d6l3E-G2 

0. 7700E-02 

0.9260E 

07 

46 

-50 

G.ubl JL-02 

0. 7bb06-'3 2 

0.94736 

U  7 

4C 

-50 

o.bGUoE-o2 

U. 550Ufc-G2 

0.8680E 

07 

3A 

-50 

0  •  *t99  Jfc-02 

0.602CE-02 

0.8713E 

07 

3E 

-50 

0  .♦♦‘/dOE -02 

U.5970E-02 

0.67606 

07 

38 

-bo 

0.4S/jt-02 

0.64306-02 

0.66036 

07 

31) 

-50 

0  .4b90t-02 

0. 594OE-02 

0.90906 

07 

3C 

-50 

0.34tt0t-02 

0.6260E-02 

0.8690E 

07 

1C 

-5u 

0.347JE-02 

0 • 56  1GE  — 02 

U.8720E 

07 

ie 

-DO 

0. J370E-G2 

0.67806-02 

0.9253E 

07 

16 

-bo 

0  .  jj5oE-02 

0.7400E-02 

0.9390E 

07 

ID 

-bo 

u.j2  70E-02 

0.674oE— 02 

0.9840E 

07 

1A 

-bo 

C.227UE-02 

G.49SuE-02 

0.8340E 

07 

2C 

-aO 

u  *22hol— o2 

0.54306-02 

0.d5b0E 

07 

2B 

-50 

0.222OE-02 

0.4H70E-02 

0.8690E 

07 

2t 

-50 

0 .2 Iool-02 

0.57706-02 

0.9G40E 

07 

20 

-50 

0.21dGt-u2 

o. 5uOoE -02 

G. 90236 

07 

2L 

-bu 

G • 1790E-02 

0. 5750E-G2 

G.8660E 

07 

3A 

-50 

0. I7d0t-C2 

0. 636GE- 02 

0.87406 

17 

38 

-5o 

G.I7boE-u2 

0.7130E-02 

0.6710E 

07 

3t 

-bo 

0.17  f jl-G2 

G. 5690E-02 

0.6803E 

07 

3D 

-bO 

0.17bOF-o<: 

G.4580E-02 

0.9083E 

07 

3C 

-bu 

w. 3600c— 03 

0.390GE-02 

0.8540E 

07 

1C 

-5u 

0 .bbbol-OJ 

O.389GE-02 

C.t»700E 

07 

18 

-50 

0 • a470fc-03 

0.3830E-02 

0.6960E 

07 

IE 

-50 

0 • b360t-G3 

0. 43GGE-02 

0.93106 

G7 

ID 

-50 

u .5290E-UJ 

0.5290E-02 

0.9570E 

07 

IA 

-5o 

*j.3o97E-C3 

G.62GGE-02 

0.95106 

G7 

3B 

-bO 

G .30  TOt-03 

G.550oE-G2 

U.967UE 

07 

8A 

47 


OKAPHITl  EPOXY  VIERATIUN  DATA 


ItMP 

PERIOD 

DAMPING  RATIO 

STORAGE  MODULUS 

SPEC 

-50 

o.  J0H9F-03 

0.4600E-02 

0.9810E 

07 

8D 

-5u 

0.  J025t-0J 

0.  6400E-02 

J.9960E 

u7 

8C 

-5  o 

w  •0022t— 03 

0.5800E-02 

0.*980t 

07 

8E 

-50 

C.2364E-C3 

O.1720E-01 

0.9020E 

07 

7D 

-50 

G.2J79E-G3 

0. 1820E-01 

0.9200E 

07 

7b 

-50 

0.4349E-O3 

u. 1G60E-01 

0.93C0E 

07 

7C 

-50 

3.2349b-03 

U.1510E-01 

J.9290E 

07 

7B 

-50 

0 •234d£-03 

0.1120E-01 

0.4300F 

C  7 

7A 

-50 

0. l60o£-03 

0.1290E-Q1 

0.8630F 

07 

6ft 

-50 

0  •  it  u5fc-G3 

J.7200E-02 

C.P640F 

07 

6A 

-5u 

0.1tw2£-03 

0.1U10E-01 

o.bdbOE 

07 

6b 

-50 

u  .15  72fc-OJ 

0.1130E-01 

0.9220E 

KJ  7 

6D 

-50 

0.15  /2fc-G3 

0.1270E-01 

0.S220F 

07 

AC 

-50 

J.lo35E-uJ 

0.470Gfc-02 

0.9440E 

07 

ftB 

-50 

J. lo28b-o3 

0.51GOE-02 

0.5570E 

07 

3A 

-50 

o  .  102 Jt-Oi 

0. 51 00E-02 

0.57J0F 

07 

8C 

-50 

u • 10  lot-03 

J.370UE-02 

0  •  *>  d  1 0  L 

07 

8D 

-50 

-.lol2E-C3 

0.5IO0E-02 

U.9890F 

07 

3E 

-50 

0.7990E-O4 

0. 4400E-02 

0.89UE 

07 

5A 

-5u 

0.79O0E-04 

u.2l6u£-01 

O.6980F 

07 

5D 

-5  o 

0 .7ttbJfc-04 

J.2540t-01 

0.9220F 

o7 

5E 

-50 

0. 709 ufc-04 

0. 2o l UF-01 

0.9640F 

07 

5C 

-50 

0  .7C50E-04 

0.9200E-02 

0.9740b 

07 

5tt 

-23 

c. 56 JJE-0 l 

J.4710E-01 

0.6580F 

07 

40 

-25 

0 .55 JOfc-Ol 

0.4260E-01 

0.881  OF 

07 

4A 

-25 

U.54'*0t-Gl 

0.4400E-01 

0.F920E 

07 

48 

-25 

0.54oJt-01 

0.4370E-01 

G.5020F 

07 

4b 

-25 

J.532Jb-ul 

0. 5000E-01 

0.9520E 

07 

4C 

-25 

0 • ilOJt-01 

0. 3610E-01 

0.R51GE 

u7 

3A 

-t.5 

^.5l5Jt-0l 

0. 3560E-01 

C.6620F 

07 

3D 

-25 

0.3l5ufc-01 

0.3590E-01 

0.8600F 

07 

3B 

-25 

0.311 Ot -01 

0. 3730E-01 

0.8840F 

07 

3E 

-45 

0 .iooOC-Gl 

0.3800E-01 

0.9080F 

07 

3C 

-25 

0 . 1430E-U 1 

0. 1B60E-01 

0.6190E 

07 

2C 

-25 

w • 14 Out  —  ol 

0.1610E-01 

0.6580F 

07 

28 

-25 

0 . I39ub-U l 

0. 1740E-01 

U.8700E 

07 

2A 

-25 

G.137GE-GI 

0.16 10E-01 

U.F.950F 

07 

2D 

-25 

0 • Id  70fc-0l 

0.16 10E-01 

0.8910E 

07 

2E 

-25 

0 . 8940E  —  02 

0.7600E-02 

0.0570E 

C7 

4D 

-2  5 

0  .o9<i  Ob-02 

0.7690E-02 

0.86201 

07 

4A 

“45 

o  •  6  7  fob  -»j8 

G.7680E-02 

0.891 OF 

07 

48 

-25 

0  »dt>40t-02 

0.7500E-02 

O’.  4  2  00  E 

07 

4E 

-25 

0 .856 Jt-02 

0.7490E-02 

0.9360E 

07 

4C 

-25 

0.5C ioE- j2 

0.4510E-02 

C.8630F 

u  7 

3A 

-25 

vj  .3O0Ut-o2 

0. 6000E-02 

0. «6bOF 

07 

3E 

-25 

>j  .  h980£  — C2 

0. 5480E-02 

O.8750E 

o7 

3D 

48 


KSjgrijStfc 


GRAPHITE  tPOXY  VI6RATHN  DATA 


Tc*p 

PERIOD 

DAMPING  RATH. 

STORAGE  Mug 01 US 

SPEC 

-25 

G.44d0t-G2 

0,  55501-02 

C.674JE 

07 

3B 

-zb 

G.4b90t-u? 

0.5420fc-02 

0.90701 

07 

3C 

-25 

0  a  34* Jl -u2 

0. 62201-02 

0,86301 

j7 

1C 

-4L~J 

u .34ojE-02 

G.695GE-02 

0,87901 

07 

IB 

-Zb 

'J  •  34  JOc-OZ 

Ga  34601-02 

0.41301 

07 

11 

- Zj 

0 . 33oJt-G2 

0. 61 1GE-02 

0.93201 

07 

10 

-Zb 

u.32 801-g2 

G.6G3GE-02 

0.47701 

07 

1A 

-Zb 

o  %ZZ  70L-G2 

0.5g00E-O2 

0.83001 

u7 

2C 

-Zb 

0  •£.<.*  Jfc-02 

0.4520E-02 

O.f  51GE 

07 

2B 

-Zn 

J.223JE-G2 

u. 44501-02 

C.bbOOE 

07 

2  A 

-Zb 

u mZ  18 JC-G2 

0.57801-02 

0.c0201 

07 

20 

- Zj 

w • 2  la Jl-32 

0,45601-02 

0.85801 

07 

2F 

-Zb 

g. 174JE-C2 

0,44801-02 

G,8t50E 

07 

3B 

-Zb 

u . 1 7*01-02 

0, 64  3GE-02 

G.068OF 

07 

3F 

-Zb 

C  •  1  7*Jt:-w2 

G, 50301-02 

u. 85401 

07 

3tt 

-zb 

j • 1 7 ouc-02 

G.  <*9901-02 

O.t:7b01 

07 

3D 

-25 

0.17  501-02 

U.4960E-02 

0.90201 

07 

3C 

-Zb 

u • 3620E-03 

0. 45001-02 

0.84601 

07 

1C 

-Zb 

0.  JbbOb-o } 

G. 46401-02 

0.86801 

07 

IB 

-cb 

o . J48JE-G  1 

J.4340E-02 

0.89201 

u7 

11 

-Zb 

J  •  "jJ  70t-u3 

Ja43C0E-02 

G.52801 

07 

10 

-Zb 

G .32901-03 

0 , 32901-02 

j. 95801 

07 

1A 

-Zb 

j.Mjfb-JJ 

J, 6CC0E-02 

0.94401 

07 

88 

-Zb 

0 .3g82c-03 

G. 65001-02 

0.960U1 

07 

3A 

-Zb 

J «  3Uo  71-03 

U. 5400t-02 

0.46501 

07 

80 

-Zb 

0.  3v,*5c-03 

G.7300E-02 

0.58301 

07 

8C 

-Zb 

J a  Ju4  Jb -0  3 

0, btOuE-OZ 

0.48601 

07 

81 

-Zb 

J  .2*04C-U  J 

Oa lo2Gf-01 

0.88701 

07 

7E 

-Zb 

G .236o2-j3 

J. 129GE-01 

0.40101 

07 

70 

-Zb 

0 ,Z Sol E-u3 

0.164GE-01 

0.4 I 701 

0  7 

78 

-Zb 

Ja^344t~wi 

Oa 1580E-U1 

U  a  ‘*3401 

07 

7C 

-Zb 

G.234JE-03 

0. lb  90t  — 01 

0.53601 

07 

7  A 

-Zb 

j  a  16  I2t-G3 

U. 8000E-02 

0.8770F 

07 

6A 

-Zb 

Ga  lo  J9t.-G3 

J. 97001-02 

0 • 6  6  00  F 

07 

61 

-Zb 

j a l oOdE-03 

0.62UG1-02 

0.18401 

07 

6B 

-Zb 

C  a l 3o3t-03 

0. 7100E-02 

0.50401 

u7 

6D 

-Zb 

u.1531l-C3 

0. 91 0GE-02 

0.91201 

07 

6C 

-Zb 

a  1  jy'it-bb 

J.5200E-G2 

0.93 70F 

07 

bb 

-Zb 

G . lu  Jjl-u3 

J, 540UE-02 

0.55401 

07 

8A 

-Zb 

Ja 10^4L-G3 

0. 540Gb -02 

0.566Gb 

07 

8C 

-Zb 

Ja iocJt-o3 

G.  51001-02 

J. 9730b 

07 

dD 

-Zb 

G  a  IG  1  7  L-ljb 

Oa  56001-02 

0.9780b 

07 

81 

-Zb 

J  a  6v>  1  Jt-G4 

0, 52 CUt-02 

0.88801 

07 

5A 

-Zb 

J.  7«>rijf-G4 

0. 1960E-01 

0 . n950L 

07 

50 

-Zb 

Ja  79^ jt-04 

0.  16301-01 

0.90  701 

0  7 

51 

-Zb 

Ja/7 1 Jt-04 

0,28501-01 

0.(J590E 

07 

5C 

49 


C-OCC.CC  C  C  C  c.  C  C.  C  C  C  C  C  C;  C  O  c  c 


GRAPHlTt'  EPOXY  VIBRATION  DATA 


T  EMP 


j 

‘J 

j 

0 

u 

u 

0 

J 

O 

0 

0 

0 

J 


PF KiJU 

DAMPING  RATIO 

STORAGE  MODULUS 

SPEC 

0  •  7c9 Jt-04 

0.9600E-02 

0.9630E 

07 

5B 

D.bbSufc-Ol 

0.4580E-01 

0.6630E 

07 

4D 

b  0  J  E  -  C L 

u. 363 JF-Ol 

u. 67301 

07 

4A 

0.b49Jfc-ul 

0.4O60E-01 

0.69301 

C7 

40 

J« b4oJfc-0l 

0.4G90E-01 

0.9020L 

07 

4E 

G.b340fc-0l 

0.4220E-01 

0.9450F 

07 

4C 

0  a  5  i  OJt  “Cl 

J. 34 lok-Gl 

O.dbbOE 

C  7 

3B 

J  a  3  lo'Jt -01 

0.342G1-01 

0.65101 

07 

3  A 

J.  Jlboc-01 

0. JC00E-01 

O.dfclOF 

u7 

3D 

j a  3 12 JL'tl 

J.  35  7CE-01 

0,677 JE 

07 

3L 

J  a JOCJl- J1 

j. 343QF-G1 

0.91  OOF 

07 

3C 

Cal  *j7ct-0l 

0. 1 5  7uF-Ql 

j.02b0t 

0  7 

2C 

0  a  14  J  jfc  ”0  1 

0.16101-01 

0.657 OF 

07 

28 

J  a  1  3  901  “Ol 

0. I7*0t-ol 

C.o6 7 OF 

07 

2A 

C  ai36ut-01 

0.15501-01 

0.6820F 

07 

2fc 

U.137ot-Ul 

0. 1560E-01 

0*69701 

u7 

2D 

v.69bJE-w2 

0.  73401-02 

0 a  65601 

07 

4D 

0  adBrijL^O^ 

0. 710GE-02 

0.67001 

D7 

A  A 

jay7/jt*L’2 

0.7240C-02 

o.bvior 

07 

4B 

c  .8obut-u2 

Oa6400E-02 

0.917JF 

07 

4E 

0.<Jbaa,F-C2 

u. 7120E-D2 

0.93201 

0  7 

4C 

J  abo20t-G2 

0.3990E-02 

0. 66101 

07 

3  A 

u.  500  JE-02 

0.60001-02 

0.66801 

u7 

3fc 

J.496JE-u2 

0.45B0fc-02 

U.6740E 

07 

3D 

U.4970E-U2 

0  a  60 10fc-02 

0. 6780E 

07 

36 

0.49001' 02 

0.S4201-02 

0.9050E 

07 

3C 

0. 35J0E-02 

0.6300E-02 

0. 1 6 u Ob 

07 

1C 

0 .3 480E-02 

0.4960E-02 

0.671 JE 

07 

IB 

u.34c JF- 02 

Da 66 CCt-02 

u.91 JoE 

u7 

IF 

u  ,  J360E-O2 

0.5H70fc-02 

c.933oE 

07 

1U 

J, j2 VUE-02 

0  a  Ou I OE -02 

0.9710F 

07 

1A 

0.22b0C-u2 

J  a  41  5  Jfc-  02 

t.62«0fc 

07 

2C 

0  .229OE-02 

0.49301-02 

O.b520E 

07 

2f> 

J  .224J1  —  u2 

U.4G50E-G2 

o.tbeji 

07 

2A 

c  a 2 19 Oh-u2 

J. 54301-02 

0,89501 

07 

2D 

:i.219uC-o2 

0.45301-02 

0.69301 

u7 

21 

ual 79JE- J2 

U.6470E-02 

0.66 7Jfc 

07 

3B 

j. 179oF-02 

J.5G50E-02 

0 a  66 1 01 

07 

J  A 

Ual 16 JE-U2 

0. 5760E-02 

0.B670E 

07 

3t 

c • l 7  70L-u2 

0.bJl0F-02 

0.67901 

07 

3D 

J.l 750E-02 

0.4240E-02 

0.90  IOC 

07 

3C 

J. boiJh-GJ 

0.5J60E-02 

0.6460E 

07 

1C 

J.5S70E-03 

0.  5040E-02 

0.6630E 

07 

LB 

J. ab JOE -03 

Da 3650E-02 

0,88601 

07 

IE 

0.5.>40E  —  03 

D.4850E-02 

0.92301 

u7 

ID 

w  a  j  3 JOE-03 

0.4770E-02 

C.9530E 

07 

1A 

50 


GRAPHITE  EPGXY  VIBRATION  OATA 


TEMP 

PERIOD 

DAMPING  RATIO 

STORAGE  MODULUS 

SPEC 

J 

0.3 127E-U3 

0.O300E-02 

0.9320E 

07 

SB 

0 

0.3094E-03 

0.6200E-02 

0.9520E 

07 

8  A 

0 

0.3062E-03 

0.7900E-02 

0.9720E 

07 

ac 

G 

0.3054E-C3 

0.6200E-0 2 

G.9770E 

G7 

BE 

G 

0.2989E-03 

0.770GE-02 

0.96I0E 

07 

RD 

0 

J.2405E-G3 

0* 1620E-0 1 

0.8870E 

07 

7E 

0 

0.2386E-03 

0.1290E-01 

0.9010b 

07 

7D 

J 

0»^36oE~G3 

G.1890E-01 

0.9160E 

o7 

7B 

G 

G.23o3b-G3 

0« 1380E-01 

U.9180E 

07 

7A 

0 

0.2J38E-03 

0* 15505-01 

0.9220E 

07 

7C 

G 

U.1621E-03 

C.8700E-02 

C.8670E 

07 

6A 

0 

0  •ioldE-03 

0.1170E-01 

0. 872  JE 

07 

6E 

j 

J.16llE-u3 

0.650GE-02 

G.8790E 

07 

68 

J 

U.1S9JE-03 

O.8C00E-02 

U.9020E 

07 

ol) 

G 

O.L58/E-C3 

O.92U0E-02 

0.9G50E 

07 

6C 

u 

o  .1043E-03 

0.6100E-02 

0.9300E 

07 

88 

0 

C.1U34E-03 

0.6200E-02 

0.9460E 

07 

8A 

0 

o . 102oE-G3 

0. 5500E-02 

C.9610F 

07 

8C 

0 

G.1021F-C3 

0.510GE-02 

0.9700E 

07 

80 

0 

j. Iol9t“G3 

0.610GE-02 

G.9740E 

07 

BE 

0 

J.BuiuE-04 

0.5200E-02 

0.8800E 

07 

5A 

G 

J.dOoOL-04 

0. 1800E-01 

0.8900E 

07 

5D 

J 

0  .7970b-0<» 

0.1560E-01 

0.8480E 

07 

5E 

0 

0. 7730E-04 

0.2900E-0! 

0.9540F 

07 

5C 

0 

0W72JE-04 

C» 8500E-02 

G.9560E 

07 

5B 

dO 

0 .55o0E-0l 

0. 3060E-01 

0.8730E 

07 

40 

dJ 

0.5510E-01 

0*  276Gfc-0l 

0.8860E 

07 

4A 

80 

u,:>430E-Ql 

0.2660E-01 

G.9120E 

07 

4B 

80 

0. 54106-01 

0. 2d 10E-01 

G.9190E 

u7 

4E 

80 

0.5320C-GI 

0.3240E-01 

0.9520E 

07 

4C 

80 

0.3140E-01 

Oa  3520E-0I 

0.8620E 

07 

3E 

80 

0.3140E-C1 

0.2450E-01 

0.6620E 

07 

3A 

80 

0.3140E-CI 

0. 2030E-01 

0.8660E 

07 

3D 

do 

0.3I30E-01 

0. 23406-01 

0.B680E 

07 

3U 

do 

0  « 3u5 OE  —  01 

0, 2360E-OI 

0,9150b 

07 

3C 

o  J 

0.I430E-CI 

0.122CE-01 

O.B190E 

07 

2C 

80 

0.1390E-01 

0.1270E-0I 

O.o690b 

07 

2B 

do 

O.UBOt-Ol 

0.1250E-01 

0.B790F 

07 

2A 

80 

3.1370E-CI 

O.IG40E-0I 

0.9010E 

07 

20 

do 

0.137jE-C1 

0.  1180E-01 

0.8980E 

07 

2E 

BO 

0.8890E-0 2 

0.6220E-02 

0.8680E 

07 

4A 

BO 

0.8880E-02 

0.6080E-02 

0.6700E 

07 

40 

do 

0.db00E-02 

G.  60I0E-02 

0.8870E 

07 

46 

80 

0.B70GE-02 

0, 5700E-02 

0.4070E 

07 

4E 

80 

0.B580E-C2 

0.6G80E-02 

C.9310E 

07 

4C 

80 

0.50J0E-02 

0.375GE-02 

O.B570E 

07 

3A 

51 


GRAPHITE  EPOXY  VibfcAT  IUN  DATA 


TEMP 

REkIoO 

DAMPING  RATIO 

STORAGE  MuOULUS 

SPEC 

do 

0.49 9UE-02 

0. 5020E-02 

O.6720E 

07 

3t 

do 

0  »49d  J£“o2 

0.54  7OE-02 

0.6770E 

07 

3B 

3u 

0.4970E-02 

0.4<*70t-02 

0.8790E 

07 

30 

dv) 

0.49GJE-02 

2. 3920E-02 

O.9C50F 

07 

3C 

dJ 

O.J490F-02 

O.4210E-02 

0.6620E 

07 

1C 

80 

J.3490E-02 

0.3520E-02 

0.866QE 

07 

IE 

80 

0 .338ub-02 

0.5410E-02 

0.9220E 

07 

IE 

80 

0  •  d36Jr:-02 

0.4730E-02 

0.9312E 

07 

ID 

60 

0*  33oOE~u2 

J.3340E-02 

C.9640F 

07 

1A 

dJ 

0.227JE-02 

O.4150E-02 

G.8280E 

07 

2C 

60 

0.22‘*Jt-C2 

0.4010E-02 

0.35201 

07 

?B 

do 

o«/2ooE-C2 

0. 360GE-02 

0.8590E 

07 

2A 

dO 

j.6l9Jt-C2 

Q. 397CE-02 

C • 8960E 

07 

2F 

dJ 

0  18 

J.4850E-02 

0.8990E 

07 

2D 

80 

J.l60Jh-02 

0.5080E-02 

0.8590E 

07 

3A 

bo 

J.l790L-o2 

J.5060E-02 

0. 3t>7  JE 

07 

3R 

dJ 

j « i 7boE“02 

0.5C1GE-02 

0.8720E 

07 

3E 

60 

2.177ut-0 2 

0.4300E-02 

0.H820E 

u7 

30 

60 

J.1750E-C2 

O.4230E-02 

0.9040F 

07 

3C 

80 

0. J62OE-03 

0.395OE-02 

0.8470E 

07 

1C 

8u 

0 . b5d Jc-G3 

0.4590E-02 

0.8610b 

07 

ie 

dO 

J.3480E-U3 

0.3850E-02 

0.8910E 

07 

lb 

60 

0.  b3b Jfc-ci 

0. 43 10E-02 

0.9250F 

*7 

ID 

dO 

0o3o0t-03 

0.371 0E-02 

0.9540b 

07 

LA 

uO 

0.3l9dE-o3 

G.63C0F-02 

0.92Q0F 

07 

8b 

6  J 

o.ollJE-C3 

.>•  6900E-Q2 

C.941JE 

07 

8A 

30 

G.3U94E-03 

0.4900E-02 

0.9520b 

o7 

8D 

bO 

0.3080E-03 

0. 7700E-02 

0.9610b 

07 

8C 

dJ 

0.30O7E-03 

0.o200E-02 

0.969DE 

07 

8E 

80 

0.24O7E-03 

O.1080E-01 

0.8850E 

07 

7D 

80 

0.2J84E-O3 

G.1930E-01 

0.9020b 

o7 

7  E 

dO 

U.2373E-03 

J.150uE-01 

0.9110E 

u7 

7A 

dO 

0.6 Jcot-03 

0. 18 10E-01 

0.9160F 

07 

7B 

80 

G.23bob-03 

G.17GCE-01 

0.9160E 

07 

7C 

80 

o • lb3Ofc~03 

0. 81U0E-02 

0.8580E 

07 

6E 

80 

0.1628E-03 

0. 7300E-02 

0.8600E 

07 

6A 

80 

0.16286-03 

0.7400E-02 

0.6600E 

07 

68 

60 

J.  159oL_GJ 

0. 124GE-G  l 

0.8950b 

C7 

bO 

do 

0.15d6E-03 

0.9000E-02 

0.9060b 

07 

60 

bO 

U.l052t-03 

0.63C0E-02 

0.9150E 

u7 

88 

80 

y.iG'tbfc-C^ 

u. 1 100E-01 

C.9270E 

07 

8A 

80 

u . I034t-o3 

0. 5500E-02 

G.9460E 

07 

8C 

bu 

o. 103oE“03 

J.5200E-02 

0.9540E 

07 

80 

80 

0.1u2bE-03 

J.5700E-02 

0.961 OE 

07 

8E 

8u 

o. 8120E-04 

0.570OE-02 

0.8640E 

07 

5A 

80 

J  .aut»jC-U4 

J.2380E-01 

0.8770F 

07 

5D 

52 


GRAPHITE  EPGXY  V I  BRAT  I  UN  DATA 


TcMP 

PERIOD 

DAMPING  RAT IU 

STORAGE  MODULUS 

SPEC 

d  J 

j  .Bu2 0E-04 

0. 1620E-01 

0.88  7uE 

07 

5L 

ttO 

0  •  7  7 1*  jfc-09 

o.ioeoE-oi 

0.9470E 

07 

SR 

bO 

J. 7760E-J4 

0.256UE-01 

U.9460E 

07 

50 

2uu 

0  .35b jE-Gi 

0.2570E-01 

0.6650E 

07 

4D 

200 

0.  556jE-C  1 

0.244GE-01 

0.b730E 

07 

4A 

2  JO 

0.54o0E-01 

0.2350E-01 

0.9U20E 

07 

4B 

20  \j 

J.543GE-01 

J.2280E-01 

0.9120E 

07 

4E 

200 

0.3290E-01 

U.2330E-01 

0.9620E 

07 

4C 

200 

U.315JE-01 

0. 109QE-O1 

0 • 6600b 

t7 

3A 

200 

0.31*UE-tl 

0. lo20E-01 

0.862JE 

07 

3B 

200 

0  •  J 1 JOc-G 1 

O.U  9CE-01 

o. besot 

u7 

3D 

2  ju 

0 • j 1 1 Ofc -C 1 

j. 2w50£-01 

0.6790E 

u7 

3E 

2  Ju 

J  .  3  uo jE— o 1 

J.243CE-01 

G.9070E 

07 

3C 

2  JO 

0.  l<o  JE-ul 

0. 1030E-01 

0.6C3JE 

j7 

2C 

2  00 

O.i 400E-U 1 

0.  IG70E-01 

0.8620E 

07 

2H 

200 

0 . 1 400 t “0 1 

0.1 140E-01 

O.bSfcOF 

07 

2A 

20j 

J.138oE-0l 

0. 1C20E-01 

0.C850E 

07 

2U 

2  Ju 

u • 1 3  7 Jt-01 

0.1 190E-01 

G.6940E 

07 

2fc 

2  J  j 

C  .  o4‘»JC-02 

0. 581 0E-02 

0. «550t 

07 

40 

200 

j .o930c-02 

0.6250E-02 

C.  6  6  COL' 

07 

4A 

200 

j • jfc J  JE -02 

0.591CE-02 

C.R790F 

07 

4R 

20  J 

u.27oOt-02 

0.5200E-02 

0.9050E 

07 

4E 

200 

j.o600E-02 

0.5670E-02 

O.92B0E 

07 

4C 

200 

o.5LS0t-o2 

0. 3540E-Q2 

C.8510F 

07 

3A 

200 

0 . j 02OE-C2 

0. 455UE-02 

0.8620E 

07 

3E 

200 

0 . 3U J0t-u2 

0.5U00E-02 

0.H660E 

07 

3B 

200 

D.4990E-02 

0.4020E-02 

G.b710E 

07 

3D 

2uu 

0.h92JE-u2 

0. 3940E-02 

0.H960E 

07 

3C 

200 

J. o  5 1 —  «2 

Q.3530E-02 

G.b540E 

07 

1C 

200 

0.3i>u0t-G2 

0.3500E-02 

0.6610E 

07 

LB 

200 

0.3390t-02 

0.4840E-02 

0.9150E 

u7 

IE 

2GO 

0. 336  JC  —  02 

0. 3400E-02 

0.921  OF 

07 

IU 

200 

0.3^90E-02 

0.4730E-02 

G.9700E 

07 

1A 

2  ju 

0.22002-02 

0. 36  70E-02 

0.6220E 

07 

2C 

200 

0 .22501-02 

0.3620E-02 

0.  b440E 

07 

2B 

200 

0.2240E-G2 

0.3590E-02 

0.6550E 

07 

2A 

200 

0.2200E-02 

0.361 0E- 02 

0.6890E 

07 

2D 

200 

0.2 190L-02 

0.3380E-02 

0.8930E 

07 

2E 

200 

0. 10UOL-Q2 

G.4380E -02 

G.8520E 

07 

3A 

20u 

0.180OE-02 

0. 3590E-02 

0.P590E 

07 

3E 

200 

J.1790E-U2 

U.4340E-G2 

0. bOSOE 

07 

3D 

200 

o • i 79JE-02 

J.3600E-02 

C.  8600E 

07 

3B 

200 

0. 1 70Jt-G2 

0.33O0E-02 

0.097 OE 

07 

3C 

200 

0.5C30L-03 

U.2R40E-02 

0.U320F 

07 

1C 

200 

0 . 5c  lot— 0  3 

0.  33600-02 

0.8610E 

07 

IB 

200 

J.b52jfc-03 

C.3320E-02 

C.8810E 

07 

IE 
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bRAPHlTb  bPUXY  VIPKAT luN  DATA 


TttfP 

PfcrUul) 

OAHPIHG  RATIO 

STORAGE  MODULUS 

SPEC 

2  jQ 

0.b4lUb-u3 

0.3220E-02 

C.9140C 

07 

ID 

20  0 

0 • 53  J0fc-i;3 

0.4270E-02 

0.9420E 

07 

IA 

2w0 

0. J2lbb-C3 

0. 97C0E-02 

o .0620E 

07 

8b 

200 

0.3192t-03 

0.1790E-01 

G.89bOE 

07 

BA 

2  Jj 

G.-il45t-o3 

O.50U0F-O2 

0.9220E 

07 

80 

2  JO 

0.313U-03 

0.9400E-02 

0.9 jOOb 

07 

3C 

20j 

0.3125E-G3 

0.7900E-02 

0.9340b 

07 

BE 

20G 

J.2447E-03 

0.1370E-01 

0.6b70E 

07 

7D 

200 

j •24i7t-03 

0.2060E-01 

0. Lt40E 

07 

7E 

2  jw 

J.24l9b-u3 

0. 174GL-01 

u.b760E 

07 

7  A 

200 

0.241+E-03 

0.1780E-01 

0. hO  Oub 

07 

7B 

2-0 

0.241JE-o3 

0.1b20E-01 

0 . dfi 3  Ob 

b7 

1C 

20u 

O'  .  loOdc—O 3 

0. 1050E-01 

U.A200E 

c7 

6A 

200 

0 . l6o30~03 

G.94U0E-02 

0. 82bOE 

07 

60 

200 

0 • loo Jt-u3 

o. 82 0OE“02 

C.834JE 

C7 

6b 

2  JO 

j « l621t.-03 

0.1230E-01 

0.867JE 

07 

6C 

200 

J. 1 62 Jc-0  3 

0.1310E-01 

0.  3680b 

07 

60 

2  0  j 

0 . 1o72l-03 

0.860QE-02 

0.8810b 

07 

8B 

2cO 

u. 1 o  7Jc-u3 

0. 2o40E-0l 

O.E840E 

07 

8  A 

2'ju 

0 • lC5dr-CJ 

0. 1320E-01 

0.9040E 

07 

8C 

200 

0.  I04oh**u3 

U.84G0E-02 

0.9290b 

07 

ME 

200 

■j  • IC44C-03 

0.490GE-02 

U.9290E 

c7 

80 

20j 

0.63bUt-j4 

0.1750E-01 

0.6170b 

07 

5A 

200 

0. O23JE-04 

G.190CE-01 

0.6420E 

07 

50 

2u  j 

J •« l 0 Ju-04 

0. 12 IGE-Ql 

G.L690E 

07 

5b 

2  w  J 

j. 7fc3jL-04 

G.4300E-02 

0.9230E 

07 

5  3 

20  j 

J • 7b<t Ot-04 

J.lb40b-0l 

0.9260C 

07 

5C 

300 

u. 556Jc-0i 

0.2450E-01 

0.6660b 

07 

40 

300 

J. bboOE—Q L 

C. 239CE-01 

0.b7  30E 

j7 

4A 

3ou 

O.b47ot-01 

J.2190F-01 

0.9010F 

07 

46 

300 

j. J43OE-01 

C. 222oL-01 

0.512JE 

07 

4E 

3oO 

0 .p32j6-01 

0.2290F-01 

0.9b30E 

07 

4C 

300 

0.315jL-CI 

0. 1830E-01 

0 • 6b60E 

07 

3A 

300 

0*j140C“01 

U.1890E-01 

C.E620E 

U7 

3E 

300 

O.blHJe-Ol 

0. 1820E-01 

0. 6620F 

07 

3  b 

3%.  0 

0.3 1 I0fc-01 

0. 1790b-01 

0.68  OOF 

07 

30 

300 

o • 3090E-O 1 

0. 1640E-01 

0.«910b 

07 

3C 

3oO 

v. I440t-0l 

0.933GE-02 

O.bl 70b 

07 

?C 

3  JO 

j • 1 400E-O  L 

u.9b20E-02 

0.6b50b 

07 

2B 

300 

u. I390c-0 1 

0.972  jE-02 

0.6730E 

07 

2A 

3  j  J 

0.l37jt-01 

U.9390E-02 

G.t990E 

07 

20 

300 

J.l37jt-01 

0. lUbOE-Ol 

0.9010E 

07 

2E 

300 

J • tS  /Ol-02 

0. 54b0E-02 

L.fcb2 Ob 

07 

4A 

300 

o  .844JE-0  2 

0 • 5370E-02 

0, E  b  70b 

07 

40 

3C0 

0  •  iit3  Jt-o2 

D.b300b-02 

O  •  b  U  u  0  E 

C  7 

4B 

30  j 

0.0  7 0 0  E”02 

0. 52OOE-02 

0.^070E 

o7 

4E 

54 


GRAPHITE  EPOXY  VIBKAT lUN  DATA 


TEMP 

PERIOD 

DAMPING  RATIO 

STORAGE  MODULUS 

SPEC 

300 

0.b630E-G2 

J.569GE-02 

0.V210E 

07 

4C 

300 

O.bCbOb-  02 

0.6060E-02 

C. BbOOE 

07 

3  A 

300 

u.b030E-02 

0.4520E-02 

0.8590E 

07 

3B 

3  uu 

0.5C30E-02 

G.3b2oE-02 

0  •  8590F 

07 

3E 

3u0 

0.50130-02 

O.4540E-02 

0.8640L 

07 

3D 

300 

0.4t>y  Jb -u2 

0. 3380E-02 

0.906 OE 

07 

3C 

300 

0.352UE-02 

0.3b20b-02 

0.B490E 

07 

1C 

300 

O.JbOOE-G2 

0.2II0E-02 

0.6b7oE 

07 

IB 

300 

0 . 340 Jb-U2 

0.3830E-02 

C.9C90E 

07 

IE 

300 

O.jj'JOE-02 

u. J550E-02 

0.91601 

07 

ID 

300 

j  • j3wwE*u2 

O.4610E-02 

C.9690E 

07 

1A 

3o0 

0.224JF-c2 

0.5960E-02 

O.PibOE 

07 

2C 

3oo 

o» It GuE-02 

c. 36  ICE-02 

C.E410E 

07 

28 

300 

0.226JE-G2 

0.543UE-02 

0.8410E 

07 

2  A 

300 

0.2190E-u2 

0. 3b90E-02 

0.b9l0E 

07 

2D 

300 

c.2 19oE-j2 

J. S16GE-02 

G.8900E 

07 

2E 

300 

O.I810E-02 

0.3O10E-02 

C.P500b 

07 

3R 

300 

J.lfcOJE-02 

U.4363E-02 

G.hb30E 

u7 

3A 

3u0 

O.179ub-o2 

U.bGl0E-02 

0.8620E 

07 

3b 

30c 

0. 17UJE-02 

U.4990E-02 

0.BB70E 

07 

3D 

300 

J.176JE-02 

0.^2701-02 

U.6960E 

07 

3C 

300 

O.bfcdJt-03 

0 . 2840E-02 

0.6310E 

0  7 

10 

300 

o.  i >6  lub-0  i 

0. 39406-02 

C.bb20E 

07 

lb 

300 

J.bbJOb-OJ 

G.277uE-02 

O.fc 770E 

07 

IE 

3ou 

0*  !)43  Jb  — 03 

0.2720E-02 

o.ycaor 

07 

ID 

300 

o . 5340b-c3 

0. 3200E-02 

C.941UE 

07 

1A 

300 

0. 323  7t-03 

0. 1940E-0I 

0.8700E 

C7 

3B 

300 

0 .323  at-03 

0.31 7ut-01 

0.8720E 

07 

8A 

300 

O.JlblE-OJ 

0. I900E-01 

0.9180F 

G7 

8C 

300 

J.3141E-C3 

0.4400E-02 

C.9240E 

07 

81) 

300 

U. 24611 -03 

0.93GUE-02 

C.8470E 

07 

7D 

3cu 

0 .  24b3C-G3 

0. I660E-J1 

0.6520E 

07 

7E 

300 

0 .0 42  /t-u3 

0.  1350E-01 

0.P710E 

07 

7C 

300 

U.24^ib-G3 

0. 1700E-01 

0.8750F 

07 

7  A 

300 

0.242Ot-0i 

U.1740E-Q1 

0.S760E 

07 

7b 

300 

0.  1696t-0 J 

0. IS30E-01 

0.7930F 

07 

oA 

30u 

0.l6/2t-03 

O.75C0E-02 

O.blbOE 

07 

68 

300 

0 • 1666E-03 

o. 1200E-01 

0.8220E 

07 

6E 

30  J 

0.  1  t<‘t4t-0  3 

0. I26CF-01 

0.R430F 

07 

6C 

3j0 

u. I64U0— 0  3 

U • 12  bob- Cl 

C.B480E 

C7 

6D 

300 

u. 1078C-03 

o.ioeoE-oi 

0.P7GJE 

07 

88 

300 

0.1C79b-G3 

0.2320E-01 

0.E770E 

07 

dA 

300 

0.106VE-03 

0. 1820E-01 

0.8860F 

07 

8C 

300 

0.1C47C-O3 

0. 3200E-02 

0.92 70E 

J7 

8D 

3u0 

0  .d39Jt-04 

0. 1 760E-0 l 

0.8G90E 

07 

5A 

300 

O.o3 J0b-09 

U.2080E-01 

O.H280F 

07 

5D 

55 


GRAPHITE  EPOXY  VIBRATION  DATA 


TtMP 

PERIOD 

DAMPING  RATIO 

STORAGE  MODULUS 

SPEC 

300 

0.8130E-04 

0.I680E-01 

0.8610E  07 

5E 

300 

U.7880E-04 

0.3900E-02 

G.9190E  07 

58 

56 
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